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ABSTRACT 


DJta  on  the  plutonium  and  uranium  content  o f  biological  and 
physical  samples,  collected  and  isolated  from  non-nuclear  deton¬ 
ations  of  plutonium  bearing  weapons  under  various  storage  situa¬ 
tions,  are  presented,  A  precision  tracer  (Pu-236)  procedure  wet 
developed  for  the  rapid  analysis  of  the  plutonium,  which  was  non- 
uniformly  distributed  in  these  samples.  A  fluorlmctric  procedure 
was  developed  for  the  rapid  analysis  of  uranium. 

Measurement  of  the  plutonium  content  was  accomplished  by 
equilibration  of  tracer  with  sample  plutonium,  radiochemical  puri¬ 
fication,  tracer  yielding,  and  alpha  pulse-height  analysis.  This 
method  ensured  a  high  degree  of  accuracy,  high  sensitivity,  and 
freedom  from  interference  from  other  alpha  emitters. 

Over  4.  000  radiobiological,  radiochemical,  and  fluorimetrlc 
analysi  ;  are  tabulated.  The  analyses  were  performed  at  Tracerlab’s 
western  division  in  three  isolated  laboratories  plus  separated  count¬ 
ing  facilities.  Accurate  laboratory  analyses  of  all  samples  was 
achieved  with  no  personnel  contamination  or  cross -contamination 
of  samples.  Procedures  for  radiochemical  analyses,  handling  of 
special  problems,  techniques  of  Alpha  Pulse  Height  Analysis,  qual¬ 
ity  control  measures,  and  additional  data  based  on  radiochemical 
analysis  and  radiometric  measurements  are  presented. 
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CHAPTER  1 
INTRODUCTION 

1.1  OBJECTIVE 

The  objectives  of  Project  5.2b  (Radiobiological  Analysis' wo* 
to  provide  accurate  laboratory  analysis  of  animal  tissue,  bone  mater* 
tal,  and  metabolism  samples  for  plutonium  and  uranium  com’nt.  Plu¬ 
tonium  analyses  were  performed  on  all  samples  and  uranium  analyses 
on  approximately  ten  percent  except  Clean  Slate  II,  dogs  and  sheep, 
which  required  uranium  analyses  on  most  samples.  The  uranium  anal¬ 
yses  were  representative  of  sample  and  animal  types. 

The  object  of  Project  5.  3b  (Radiochemical  and  Physiochemical 
Analysis)  was  to  provide  accurate  laboratory  analysis  of  air,  deposi¬ 
tion,  water,  vegetation,  sticky  wire,  and  soil  samples  for  plutonium 
and  uranium  content.  Plutonium  analyses  were  performed  on  all  sam¬ 
ples  and  uranium  on  approximately  10  percent,  representative  of  sam¬ 
ple  types, 

1.2  background 

The  personnel  associated  with  Project  5. 2/5.  3b  did  not  par¬ 
ticipate  in  the  field  phases  of  operation  Roller  Coaster.  Reference 
is  given  therefore,  to  other  projects  for  a  description  of  operational 
events  and  sample  collection  for  laboratory  a  alyses.  The  scope  of 
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this  project  was  to  provide  facilities,  services  and  materials  to  carry 
out  the  dual  objectives  listed  above. 

1 .  3  FACILITIES 

Laboratory :  The  radiobiological,  raaiochemical,  and  physlo- 
cnemical  analyses  of  the  field  collections  for  plutonium  and  uranium 
are  one  of  the  prime  sources  of  evaluative  data  for  Froject  Roller 
Coaster.  The  samples  collected  represent  individually,  and  totally, 
large  sums  of  money  and  scientific  effort.  For  this  reason,  analyses 
were  performed  with  great  care,  attention  to  detail,  and  utmost  pre¬ 
cision.  Only  those  techniques  which  resulted  in  unequivocal  data 
were  used.  Particular  attention  was  given  to  the  problem  of  cross¬ 
contamination.  Two  techniques  were  employed.  The  first  was  se¬ 
quential  processing,  starting  with  low  level  samples  and  proceeding 
to  the  higher  level  samples  ,  the  second  involved  the  physical  separa¬ 
tion  of  high,  intermediate,  and  low  level  facilities.  Both  techniques 
were  used  in  series.  The  lowest  of  high  level  samples  were  proces¬ 
sed  initially  in  the  intermediate  level  facilities.  For  high  level  sam¬ 
ples,  a  special  wing  of  the  main  laboratory  building  was  employed  for 
initial  separation  and  allquoting,  followed  by  processing  in  the  inter¬ 
mediate  laboratory.  All  low  level  samples  were  processed  in  a  separ¬ 
ate  low  level  laboratory. 

Counting  and  Calculations;  These  facilities  were  located  in 
an  Isolated  wing  of  the  building.  Advanced  counting  and  calculation 
techniques  used  by  Traceriab  for  a  number  of  years  were  employed.  De 
tailed  procedures  are  given  in  the  reference. 

Each  sample  for  Pu  analysis  was  counted  on  a  Z  TT  methane- 
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this  project  was  to  provide  facilities,  services  and  materials  to  carry 
out  the  dual  objectives  listed  above. 
l.J  FACILITIES 

Laboratory :  The  radiobiological,  radiochemical,  and  physio- 
chemical  analyses  of  the  field  collections  for  plutonium  and  uranium 
are  one  of  the  prime  sources  of  evaluative  data  for  Project  Roller 
Coaster.  The  samples  collected  represent  individually,  and  totally, 
large  sums  of  money  and  scientific  effort.  For  this  reason,  analyses 
were  performed  with  great  care,  attention  to  detail,  and  utmost  pre¬ 
cision.  Only  those  techniques  which  resulted  in  unequivocal  data 
were  used.  Particular  attention  was  given  to  the  problem  of  cross¬ 
contamination.  Two  techniques  were  employed.  The  first  was  se¬ 
quential  processing,  starting  with  low  level  samples  and  proceeding 
to  the  higher  level  samples  ,  the  second  involved  the  physical  separa¬ 
tion  of  high,  intermediate,  and  low  level  facilities.  Both  techniques 
were  used  in  series.  The  lowest  of  high  level  samples  were  proces¬ 
sed  initially  in  the  intermediate  level  facilities.  For  high  level  sam¬ 
ples,  a  special  wing  of  the  main  laboratory  building  was  employed  for 
initial  separation  and  allquoting,  followed  by  processing  In  the  inter¬ 
mediate  laboratory.  A11  low  level  samples  were  processed  In  a  separ¬ 
ate  low  level  laboratory. 

Counting  and  Calculations;  These  facilities  were  located  In 
an  Isolated  wing  of  the  building.  Advanced  counting  and  calculation 
techniques  used  by  Tracerlab  for  a  number  of  years  were  employed.  De¬ 
tailed  procedures  are  given  in  the  reference.  - 

Each  sample  for  Pu  analysis  was  counted  on  a  ZTT  methane- 
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(low,  internal  alpha  counter  to  determine  its  range  of  activity.  This  tn- 
xormation  was  then  used  to  preset  the  precision  (alpha  pulse  height 
analysis)  counting  time  and  to  prevent  mixup  of  samples.  The  range  of 
counts  was  limited  by  dilutions  to  approximately  2,000  cpm.The  range 
a  counts  in  the  original  sample  was  0  to  10®.  Counts  per  minute  was 

converted  to  dpm  by  standard  calculation  procedures  given  In  the  refers 
onces, 

The  technique  of  accurate  alpha  pulse  height  analysis  depends  on 
such  factors  as:  preparation  of  high  quality  standards,  calibration  and 
maintenance  of  the  equipment  and  routine  background, and  operational 
cnecks  of  counting  instruments.  Six  Tracerlab  Frisch  Grid  Chambers 
were  employed  for  plutonium  alpha  detection.  Three  Technical  Measure¬ 
ments  Corporation/nulti-channel  analyzers  were  used  for  readout.  Four 
Frisch  Grid  Chambers  were  connected  to  one  multi-channel  analyzer  by 
dividing  the  full  range  into  four  quadrants.  The  Frisch  Grid  Chambers 

were  routinely  operated  In  this  manner. 

The  results  of  the  alpha  pulse  height  analysis  are  presented  on 
tape.  A  graphical  plot  was  made  of  this  information  where  shape  and 

resolution  of  alpha  peaks  were  marginal.  The  various  corrections 
and  factors  were  applied  to  the  data  and  the  final  result  calculated 
as  concentration  per  sample. 

A  computer  program  for  data  tabulation  was  developed.  The 
program  simplified  new  data  insertion  and  provided  for  printing  of 
results  rapidly  and  economically.  An  ISM  card  punch,  located  In  a 
room  adjacent  to  the  counting  room,  was  employed  for  transcribing 
raw  data. 
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Storage :  All  biological  samples  were  stored  In  a  specially 
built  walk-in  freezer  located  in  tht  v  level  laboratory.  The  unit 
was  laf^je  enough  to  store  all  the  sample  freezer  boxes  with  adequate 
spacing  for  easy  access.  The  physical  samples  were  stored  in  met¬ 
al,  office-type  file  cabinets  with  fabricated  security  locks.  Mounted 
samples,  following  analyses, were  stored  in  locked  file  cabinets  in 
the  counting  room.  Unused  portions  of  samples  were  stored  on 
shelves  in  a  locked  stockroom  located  adjacent  to  the  intermediate 
level  laboratory. 

1 . 4  SERVICES  AND  MATERIALS 

Services  and  materials  were  provided  to  perform  a  research 
project  consisting  of  plutonium  and  uranium  analysis  on  the  follow¬ 
ing  variety  of  sample  matrices: 

Casella  Impactor  Discs 
Caaella  Impactor  Filters 
Andersen  Sampler  Discs 
Andersen  Sampler  Filters 
Total  Air  Samples 
Total  Air  Samples  Disposable 
Sequential  Air  Samples 
Balloon  Wire  Swipes 
Water  Samples 
Vegetation  (Sagebrush) 

Deposition  Samples 
Sol.  Samples 
Biological  Samples 
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Service*  and  material*  were  provided  to  a**ure  that  resultant 
data  was  most  meaningful  to  the  requirement*  of.  Project  Roller 
Coaster  end  that  biweekly  progress  reports  giving  accrued  results 
were  submitted  to  Director,  PA5A.  This  included: 

(1) *  Use  of  new  gl*ss««re  for  each  analysis. 

(2) *  Isolation  of  f*..«onnel  and  facilities  for  varying  levels 
of  activity. 

(3)  Constant  monitoring  of  muffle  furnaces,  hoods,  work 
tables,  floors,  etc.,  by  trained  monitors  under  supervision  of  a 
Certified  Health  Physicist. 

(4) *  Utilisation  of  Plutonium  2,4>  tracer  techniques  on  all 
samples  to  assure  measurable  end  accurate  yields  on  all  aamplas. 

(5) *  Analyses  of  all  plutonium  samples  by  alphG  spectro¬ 
scopy. 

(6) *  Complete  dissolution  of  each  sample  prior  to  purifi¬ 
cation. 

(7)  Establishment  of  reagent  blanks  less  than  0.  1  alpha 
dpm  +_  100%  and  less  than  5x10^  grams  for  plutonium  and  uran¬ 
ium  respectively. 

(8)  Laboratory  monitoring  of  stippled  plates  of  dissolved 
samples  as  a  means  of  sample  separation  by  activity  level  and  pre¬ 
venting  sample  mixup. 

(9) *  Electrodeposition  of  plutonium  on  platinum  discs  as  the 
final  step  of  the  analysis. 

*  These  procedural  techniques  were  stipulated  by  the  Roller  Coaster 
Radiochemistry  Referee  Team  and  were  conditions  of  the  contract. 
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(10)  Storage  of  unused  portions  of  samples  and  all  mounted 
samples  for  a  period  of  one  year  or  until  notification  was  received 
by  the  Contracting  Officer,  whichever  came  first, 

(11)  Continuous  Tracerlab  staff  evaluation  monitoring  of  a 
quality  control  program. 

1.5  PERSONNEL 

Tracerlab  provided  all  the  personnel  for  the  services  described 
under  Section  1.4.  These  included  the  following  ar.d  their  responsi¬ 
bilities: 

(1)  Evaluation  Staff:  General  conduct  of  the  project,  monitor¬ 
ing  of  the  quality  control  progran^and  review  of  periodic  reports. 

(2)  Project  Officer  (1):  Supervision  of  the  project  operation, 
health  and  safety  standards,  review  of  all  data,  writing  of  periodic 
reports,  liaison  with  cognizant  Roller  Coaste.  officials. 

(3)  Radiobiologist  (1):  Operation  of  radiobiological  labora¬ 
tory  and  sample  accountancy. 

(4)  Physiochemist  (1):  Operation  of  two  physlochemical  labor  - 
torles  and  sample  accountancy. 

(5)  Radiobiological  Technicians  (3):  Radiobiological  analyses 
of  physical  samples, 

(6)  Physlochemical  Technicians  (3):-  Physlochemical  analyses 
of  physical  samples. 

(7)  Uranium  Technician  (1):  Uranium  analyses  and  calcula¬ 
tions. 
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(fl)  Health  Physicist  (1):  Routine  monitoring  of  work  areas  one4 
waste  materials. 

(9)  Radiometrics  Head  (1):  Review  counting  and  calculations. 

(10)  Counting  Technician  (1):  Count  plutonium  samples. 

(11)  Calculation  Clerks  (2h  Calculate  plutonium  counting 

data. 

(12)  Computer  Data  Clerk  (1):  Punch  and  proofread  com* 
puter  data. 

(13)  Electronics  Technician  (1):  Maintain  counting  Instru¬ 
mentation. 
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CHAPTER  2 


PROCEDURES 

2.  1  SAMPLE  INVENTORY 

Biological;  The  samples  arrived  by  government  air  freight  at 
the  Alameda  Air  Terminal  in  Oakland,  California, on  20  September  1963. 
They  were  contained  in  12  polyfoam  freezer  boxes  weighing  approxi¬ 
mately  SO  pounds  per  box.  All  the  boxes  appeared  to  be  in  good  condi¬ 
tion  and  a  receipt  for  the  same  was  given  to  the  DASA  courier  who  had 
accompanied  the  samples  from  Kirtlanil  Air  Force  Base,  Albuquerque, 
New  Mexico.  The  boxes  were  transported  to  Tracerlab  by  truck  and 
placed  in  the  walk-in  freezer  unit  in  the  low  level  laboratory,  await¬ 
ing  inventory  instructions  from  cognizant  DASA  security  personnel.  On 
26  September  1963,  the  contents  were  inventoried  In  the  presence  of 
a  DASA  security  officer.  All  samples  not  clearly  marked  were  re=tag= 
ged  and  returned  to  their  original  containers.  A  separate  log  bookwas 
established,and  the  following  week  a  quality  control  program  was  ini- 
ated.  Quadruplicate  analyses  were  run  on  all  reagent  materials  and  a 
low  level  background  established.  A  tracerlab  code  number  was  as¬ 
signed  each  sample. 

Physical:  The  samples  were  delivered  to  Tracerlab  by  Traceriab's 
Health  Physics  Officer  at  Intervals  spanning  a  three-week  period, 
starting  in  mid-October  1963.  The  samples  were  contained  In 
heavy-duty  cardboard  boxes,  doubly  wrapped.  All  boxes  appeared 
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to  be  m  good  condition.  The  Double  Trscke  samples  arrived  flrat, 
lolloped  by  Clean  Slate  I,  II,  and  III.  The  aamplea  were  placed  In 
the  combination  security  flies  in  the  Intermediate  level  laboratory 
and  Inventoried  In  the  presence  of  the  Tracerlab  Security  Officer.  A 
separate  log  book  was  established  and  a  Tracerlab  code  number  as¬ 
signed  each  sample.  All  samples  were  clearly  marked  and  Identifica¬ 
tion  presented  no  problems.  A  quality  control  program  was  Initiated 
shortly  after  arrival  of  the  samples.  This  program  was  purposelyde- 
layed  until  after  final  sample  inventory  to  determine  If  any  contam¬ 
ination  of  the  laboratory  had  occurred.  Quadruplicate  analyses  on 
reagent  materials  and  laboratory  swipes  were  run  and  a  low  level 
background  established. 

Z.  Z  PROJECTED  ACTIVITY  LEVELS 

Biological :  Based  on  the  results  of  TB-57  (Reference  1)*,  the  major¬ 
ity.  cf  ti  s s ucs  were  o xp  cctcd  to  be  low  in  total  plutonium  content.  The 
range  would  be  from  almost  undetectable  to  thousands  of  dpm  cf  plu¬ 
tonium  in  the  nasal  mucosa  and  GI  tract  (Table  2.1)'  Because  of  the 
spread  betwean  activity  levels^  extreme  care  was  token  In  the  pre¬ 
paration  and  processing  of  the  low  level  tissue  samples.  As  far  as 
tne  receiving  laboratory  was  concerned,  these  samples  represented  no 
problem  in  plutonium  handling.  Since  activity  in  a  sample  might  be 
distributed  unevenly^ the  entire  sample  was  always  analyzed. 


*  (Also,  see  References  2  through  8. ) 
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TABLE  2.1  SELECTED  TG-57  DATA  FOR  PLUTONIUM  ACTIVITY 

_ IN  DOCS. _ 


Tissue 

Mean  Weight 
(Grams) 

DPM/Gm 

Maanltude 

.  DPM/Oraan 

Spleen 

2J,  9 

0.  1 

2.4 

GI  tract 
plus  Contents 

548.  6 

10 

5500 

Liver 

309.0 

0,01 

3.  1 

Lung 

76.6 

0.5 

38 

Trachea 

11.9 

1 

12 

Right  Femur 

14.7 

0.1 

3.5 

Rib 

4,6 

1 

4.6 

Hilar  Lymph 
Node 

0.45 

10 

4.  5 

Mediastinal 
Lymph  Nodes 

0.31 

10 

3.1 

Nasal  Mucosa 

Not  Analyzed 

The  levels  of  uranium  at  500.  5000.  7500.  and  17.500  feet 
animal  positions  corresponding  to  the  plutonium  are,  based  on  extra¬ 
polation  from  TG-57  data,  proportional  to  the  ratio  of  uranium  to 
plutonium  In  the  test  device.  Thi*  in  samples  very  low  In  Pu  content^ 
the  uranium  level  was  expected  to  be  near  the  limits  of  detection  of 
the  Ouorimeter. 

Physical :  The  sources  of  plutonium  and  uranium  from  the 
Roller  Coaster  tests  were  soils  and  various  types  of  collection  devices 
(surface  and  airborne),  such  as  filters,  lmpactors,  and  sticky  plates, 
all  located  at  various  distances  from  the  detonation  crater,  based  on 
TG-57  data.  The  activity  levels  were  expected  to  range  from  0  to  107 
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dpm,  Particulates  o f  all  sixes  were  expected  to  be  In  various  matrices. 
The  plutonium  and  uranium  would  vary  in  chemical  composition  from 
metals  to  various  alloys,  oxides,  and  salts  produced  in  the  heat  and 
pressure  of  the  explosion.  Projected  activity  levels  for  various  aample 
types  are  given  below. 

(1)  Crater  Samples:  The  crater  samples  wUl  be  extremely 
nigh  level  with  most  of  the  activity  near  the  r  jrface.  In  TG-57,  80 
square-inch  samples  were  taken  to  a  depth  of  two  feet  and  sectioned 
into  1/4  -  inch  increments.  At  the  surface,  this  amointed  to  a  milli¬ 
gram  of  plutonium  per  25  grams  of  soli. 

(2)  Soil  Samples:  The  samples  from  soil  cores  and  surface 
fallout  were  spread  out  over  many  square  miles.  Three  levels  of  sur¬ 
face  samples  (corresponding  to  those  observed  In  TG-57)  were  con¬ 
sidered  ,  1.  e. ,  500,  40,  and  2.6  ho/M2  at  dlstenc  »  of  500,  1000, 
and  2000  feet, respectively.  An  80-square-lnch  (0.  OS  1 5  M2)  surface 
sample  yields  25,  2,  and  0. 13  u<3  plutonium;respoctlvely.  These 
sample  sizes  were  more  than  ample  for  uranium  fluorescence  and 
radiochemical  analysis.  Uranium  In  Nevada  soil  has  been  determined. 
The  levels  range  from  0.  l  to  6.  0  ^g/g  of  soil,  which  represents  sn  ap¬ 
preciable  normal  uranium  background. 

(3)  Filter  and  Impactor  Exit  Filter  Samples:  The  levels  of 
filter  activity  observed  In  TG-57  for  fallout  samples  at  various  dis¬ 
tances  were  less  than  one  microgram  of  Pu  at  1000  feet  and  0.  01 
ug  at  25,  000  feet, 

(4)  Sticky  Samples:  The  targets  of  the  various  Impactor  jets 
as  well  as  fallout  plates  employ  an  alkyd  resin  surfacing  to  retain  the 
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participate  *  a*  they  impact  or  (all  out  on  the  surface.  The  levels  of 
Pu  activity  observed  on  these  surfaces  were  estimated  to  be  of  the  same 

,f>  ' 

order  of  magnitude  as  the  air  filter,  or  in  the  case  of  sticky  pistes, 
equivalent  soil  samples. 

;.J  SAMPLE  PROCESSING 

Handling  Techniques:  Advantage  was  taken  of  Information 
locating  the  field  position  of  the  sample  with  respect  to  ground  zero 
and  the  gross  alpha  counting  data  supplied  with  each  sample.  Sam** 
pies  were  screened  and  rough  assayed  to  confirm  the  accompanying 
data.  The  handling  facilities  themselves  were  checked  routinely 
and  blank  samples  processed  to  confirm  the  ambient  levels. 

As  indicated  in  Tsble  2.1,  the  blologicil  samples  generally  constituted 
the  lowest  level  samples  and  were  processed  In  the  low  level  laboratory, 
lowest  level  samdes  and  were  processed  tn  the  low  level  laboratory. 
Those  biological  samples  having  a  probable  higher  Pu  content  were 
processed  in  an  Isolated  section  of  the  low  level  laboratory.  In  con¬ 
trast,  the  debris  samples,  potentially  several  orders  of  magnitude 
higher  in  plutonium  content  even  at  the  250,  000-foot  distance,  were 
treated  as  high  level  samples  and  processed  separately  until  their 
Pu  content  was  established. 

Techniques  gained  through  experience  for  prevention  of  cross 
contamination  and  mixing  In  the  laboratory  were  employed.  In  par¬ 
ticular,  these  techniques  Included  proper  recording  and  marking  of 
each  sample  by  the  analyst  at  every  stage  In  the  process.  All  re¬ 
agents  used  in  this  work  were  made  up  fresh  In  new  containers  and 
designated  accordingly.  New  glassware  was  used  for  every  analy- 
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sis  in  the  spirit  of  Item  4,  of  the  guidelines  supplied  in  the  DASA 
RTP  3 -63,  When  muffle  furnaces  were  employed,  each  sample  wis 
covered  to  remove  the  possibility  of  flake  out.  Hoods,  laboratory 
surfacesyand  other  exposed  areas  were  cleaned  routinely  and  moni¬ 
tored  for  possible  alpha  contamination.  Thr  unused  portions  of 
samples  were  returned  to  the  original  containers  when  possible, 
checked  for  proper  labeling^and  stored  in  a  locked  cabinet  until 
notification  of  disposition  was  received  from  the  contracting  officer. 
Similarly,  both  the  counting  discs  and  planchets  (stored  in  individual 
envelopes  or  pillboxes)  and  the  original  counting  data  were  retained 
until  notified  by  the  contracting  officer.  Blanks,  spikes,  duplicates, 
and  actual  standards  as  required  were  analyzed  and  furnished  to  ref¬ 
erees  or  the  agency  designated  by  DASA. 

Security  and  Accountability:  Several  means  of  assuring  ade¬ 
quate  security  and  accountability  of  all  biological  and  physical  sam¬ 
ples  were  investigated.  The  methods  given  below  offered  the  most 
effective  operation. 

(1)  Biological  and  physical  samples  inventoried  by  two  per¬ 
sons  and  sample  numbers  lnitiale.2  by  each  on  inventory  sheets, 

(2)  Active  Inventory:  Biological  and  physical  samples  with¬ 
drawn  from  inventory  (by  convenience,  activity  level,  and  event) 
recorded  in  separate  logs,  assigned  a  consecutive  TracerUb  number, 
and  initialed  by  custodian. 

(3)  Each  sample  assigned  a  card  at  start  of  analysis,  card 
initialed  by  analyst  at  start  of  every  major  step  (preparation,  tracer 
addition,  dissolution,  and  purification). 
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(4)  Sample  card  information  d  up  ice  ted  in  sample  log. 

(5)  After  decontamination  sample  assigned  a  data  sheet,  per* 
tlnent  information  entered ,  and  sample  transferred  to  counting  room. 

(6)  Sample  recorded  and  initialed  by  counting  room  custodian 
in  a  special  counting  room  log  with  a  consecutive  number  matching 
that  in  the  chemistry  log. 

(7)  Sample  stored  in  security  file  and  final  calculations  pro* 
cessed  by  Tracerlab's  normal  red  dot  doublecheck. 

(8)  Final  data  reviewed  by  counting  room  supervisor,  project 
officer,  and  department  manager. 

(9)  Following  final  review  of  the  raw  data,  a  tabulation  of 
all  values  was  made  by  animal  numbers  (for  biological  samples)  and 
arc  location  (for  physical  samples). 

Production  Operation:  The  following  procedures  were  employed 
to  achieve  maximum  production. 

(1)  Different  analyst  assigned  to  each  phase  of  the  product* 
ion  operation  on  a  rotation  basis. 

(2)  Samples  prepared  for  dissolution  In  batch  type  operation. 

(3)  Tracer  added  in  batch  type  operation. 

(4)  Samples  solubilized  in  batch  /pe  operation. 

(5)  Samples  decontaminated  in  continuous  operation  (samples 
were  processed  by  pairs.  Thus,  it  was  possible  to  precipitate,  cen¬ 
trifuge,  extract,  etc. ,  several  sets  of  samples  in  a  continuous  oper* 
aUon  eliminating  dead  time). 

(6)  Plated  samples  monitored  for  approximate  yield. 
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(7)  Plated  sample*  Inspected  and  data  sheet  prepared  by 
custod'an, 

(8)  Samples  2  TT  counted  to  estimate  requtt  J  alpha  pulse 
height  analysis  time  and  to  provide  a  double  check  on  flnalresuit. 

(9)  Production  scheduled  set  for  each  analyst  and  weekly 
results  posted. 

Preparation:  The  treatment  of  the  physical  samples  varies  ac¬ 
cording  to  the  nature  of  the  collection  media.  These  divide  Into 
three  types:  a  heterogeneous  mixture  of  soil  and  debris,  air  and 
surface  fallout,  and  resuspended  particulates  collected  on  organic 
filters  and  similar  material  adhering  tc  sticky  plates.  Because  of 
the  high  levels  of  plutonium  alpha  activity  expected,  all  field  and 
laboratory  procedures  were  reviewed  with  regard  to  preventing  cross 
contamination  and  preserving  the  Integrity  of  the  samples.  The  level 
of  uranium  was  not  hazardous  but  similar  precautions  apply. 

The  samples  for  radiochemical  and  uranium  fluorlmetrlc  analysis 
were  categorized  at  the  time  of  receipt  of  the  samples.  The  samples 
were  already  grouped  at  the  test  site.  Similar  levels  of  alpha  ac¬ 
tivity  were  handled  together  and  precautions  against  cross  contamin¬ 
ation  were  maintained.  Because  of  the  relatively  high  levels  of  al¬ 
pha  activity,  some  samples  were  processed  In  glove  boxes. 

All  samples  were  ultimately  reduced  to  the  levels  required  for  lab¬ 
oratory  operations  and  stored  or  processed  as  scheduling  permitted. 
Dilutions  were  made  such  that  no  aliquot  contained  more  than  4000 
dpm. 
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Sample  Control;  Strict  sample  control  was  Instituted  in  order  to 
be  sure  that  samples  w^re  not  misplaced, delayed, or  processed  with  sam¬ 
ples  of  different  activity  magnitude.  As  mentioned  earlier,  many 
samples  received  for  processing  contained  designations  as  to  gener¬ 
al  activity  level  and  sampling  location.  This  information  was  useful 
in  routing  the  sample  to  the  proper  dissolution  laboratory.  Locations 
oi  particulate  samplers  consisting  of  six-stage  Andersen  impactors, 
five-stage  Casella  impactors,  total  air  samplers,  and  sticky  cylin¬ 
ders,  are  given  for  reference  in  Figures  A.  2  through  A.  8. 

Figure  A.  1  shows  Clean  Slate  igloo  dimensions. 

For  each  lot  of  samples  received,  a  sample  check-off  sheet  was 
initiated  containing  sample  numbers  and  due  dates.  It  was  reprodu¬ 
ced  and  distributed  to  the  key  personnel  along  the  processing  route. 

These  personnel  cuecked  off  the  samples  as  they  were  processed, 
and  thus  continuous  check  on  sample  status  was  maintained.  In  ad¬ 
dition,  a  sample  processing  card  and  sheet  (mentioned  in  Section  2.3) 
was  initiated  for  each  sample.  The  card  contained  pertinent  chemical 
information  and  followed  the  sample  through  dissolution  and  decontam¬ 
ination.  The  processing  sheet,  in  addition  to  the  card  information, 
contained  spaces  for  recording  all  data  needed  to  calculate  the  analy¬ 
tical  results.  Spaces  were  provided  for  sample  size,  sample  aliquots, 
tracer  aliquots,  etc.  It  also  contained  sample  routing  instructions  and 
followed  the  sample  from  decontamination  through  calculations.  A 
typical  processing  sheet  is  included  in  Appendix  C.  When  final  cal¬ 
culations  were  completed  and  reviewed  by  the  project  officer,  the 
data  was  transcribed  to  IBM  cards  for  the  preparation  of  a  computer  report. 
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Quality  Control:  In  order  to  maintain  high  quality  standards,  the 
analytical  work  o f  this  laboratory  was  closely  cont<oiled.  This  con¬ 
trol  was  maintained  In  the  laboratory  and  In  the  counting  room, Blank 
samples  were  processed  completely  through  chemistry  and  counting  to 
determine  if  there  was  any  labo«*tory  contamination.  Known  pluton¬ 
ium  samples  (standards  prepared  by  adding  a  Pu-239  spike  to  a  matrix 
material  similar  to  those  being  processed)  were  similarly  cycled 
through  the  laboratory  to  check  on  procedures  and  counting  geometry 
factors.  In  addition,  standard  and  calibration  samples  furnished  by 
DASA  referee  personnel  were  processed  to  assure  results  of  all  Roller 
Coaster  contractor  laboratories  were  comparable.  Beta  gamma,  and  alpha 
activities  of  electrode  posited  alpha  samples  of  solutions  of  pure  Pum  and 

mixed  Pu»»  were  cross-counted  among  Air  Force  and  AEC  laboratories 
during  the  Roller  Coaster  analyses  period.  Periodic  blank  samples  wore  also 
cross-counted. 

The  techniques  used  in  maintaining  high  quality  standards  for  ur¬ 
anium  analysis  are  specified  in  the  detailed  Fluorimetrlc  Determination 
Procedure  included  in  Appendix  B.  Blanks,  standard  solutions^and 
spiked  unknowns  were  analyzed  with  each  batch  of  20  samples.  A 
routine  review  of  the  results  of  all  samples  processes  was  performed 
by  the  project  leader  or  his  delegated  assistants.  All  counting  data 
was  reviewed  to  asertain  that  alpha  spectrometer  runs  were  good  as 
to  alpha  peak  resolution,  that  the  alpha  peaks  were  properly  shaped 
without  undue  tailing  of  one  peak  into  the  next,  and  that  the  base 
ares  of  the  peak  was  properly  defined.  Other  aspects  of  the  sample 
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run  were  checked  such  as  adequate  chemical  yield,  clean  weight¬ 
less  electrode  posits  on  Pu  sample  plates,  etc.  Any  discrepancies 
were  reported  to  the  project  leader  on  the  QUALITY  CONTROL  -  SAM¬ 
PLE  DEFICIENCY  REPORT  form  for  appropriate  action.  A  copy  of  this 
form  is  attached  in  Appendix  C. 

2.  4  GENERAL  LABORATORY  METHODS 

Discussion:  The  material  presented  in  this  section  describes, 

in  general,  radiochemical  techniques  used  by  Tracerlab  for  a  number 
of  years  for  determining  Pu-239  and  uranium  in  various  sample  types. 

In  particular,  Pu-236  tracer  yielding  for  all  pluton’  «.  analyses  was 
employed.  Radiochemical  techniques  were  such  that  yields  greater 
than  60%  were  generally  obtained.  Separation  of  uranium  and  pluton¬ 
ium  was  carried  out  on  every  sample.  Furthermo;  .  all  plutonium  sam¬ 
ples  were  measured  by  pulse  height  analysis  techniques,  with  high 
sensitivity  and  assurance  of  no  interference  by  other  alpha  emitters. 
The  counting  error  had  a  precision  of  10%  for  the  low  counting  sam¬ 
ples  when  economically  feasible  and  3%  or  better  for  the  more  active 
samples. 

The  recovery  efficiency  for  uranium  was  checked  on  each  analy¬ 
sis  according  to  tho  techniques  described  in  "SCTM  369-59(51)  Test 
Group  57  Radiochemistry",  by  R,  J.  Everett  and  R.  W.  Drake.  AH 
samples  were  completely  dissolved.  An  aliquot,  usually  10%  of  the 
total  dissolved  solution,  was  taken  from  samples  requiring  uraaiua 
analysis.  When  required,  an  extraction  was  performed  to  remove 
quenching  agents  sue  copper  and  iron  cations.  The  teal  uran¬ 
ium  was  determined  by  a  fluorescence  technique  in  a  Jarrell-Ash 

28 

CONFIDENTIAL 


Fluorimeter. 


The  biologicals  presented  some  unique  challenges  both  in  dis¬ 
solution  and  purification.  Prior  to  the  start  of  the  project,  an  ex¬ 
haustive  literature  survey  was  made  and  consultations  held  with  In¬ 
dividuals  learned  in  the  bloassay  field  on  the  problem  subject.  Most 
of  the  information  ana  procedures  offered,  however,  dealt  with  organ¬ 
ics  less  than  50  grams  In  weight.  Very  little  was  known  about  analy¬ 
zing  pound  size  samples  for  plutonium  and  uranium.  It  was  decided, 
therefore,  to  combine  modified  Traccrlab  biological  procedures  with 
those  In  the  literature, to  fit  the  situation.  A  lengthy  development  pro¬ 
gram  produced  the  detailed  radiochemical  and  flue  tmetrlc  procedures 
given  in  Appendix  B. 

A  technical  paper,  "Routine  Determination  of  Plutonium  by  Tracer 
Techniques  in  Large  Biological  Samples,"  based  on  our  biological  de¬ 
velopment  work; was  presented  at  the  Hanford  Symposium  on  "Inhaled 
Radioactive  Particles  and  Gases"  and  at  the  9th  annual  Health  Physics 
Society  in  Cincinnati,  Ohio.  A  copy  of  the  paper  is  given  In  Appendix 
D. 

The  biological  samples  were  processed  concurrently  with  the  physi¬ 
cal  samples,  which  were  arranged  in  order  of  Double  Tracks,  Clean  Slale 
I,  n,  and  III.  The  techniques  for  dissolution,  separation,  purification, 
are  described  in  the  following  paragraphs.  It  should  be  mentioned 
that  a  given  procedure  does  not  necessarily  cover  every  chemical  or 
counting  situation.  Often  one  or  more  samples  among  Identical  types 
required  special  treatment. 
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Biological  Sample  Dissolution:  Tha  biological dissolution  procedures 


employed  resulted  In  the  least  loss  o f  sample.-  Wet  versus  dry 
dissolutiqp.  was  experimentally  compared.  Dry  ashing  of  most  biologi¬ 
cal  samples,  although  convenient  and  inexpensive,  results  In  loss  of 
sample  by  spattering,  mechanical  entrainment,  and  polymerization  and 
formation  of  Insoluble  oxides  of  Pu.  This  is  especially  true  of  samples 
which  have  high  organic-to-esh  ratios.  In  these  cases  it  may  be  diffi¬ 
cult  or  impossible  to  recover  all  of  the  sample  plutonium  from  the  walls 
of  the  ashing  container.  Loss  occurring  at  this  stage  may  result  in  in¬ 
accurate  sample  yielding.  Bone  samples  have  a  low  organic-to-ash 
ratio,  and  the  ash  serves  as  a  carrier  to  prevent  loss  of  Pu  during  dry 
ashing.  The  bone  ash  is  bulky  and  easily  removed  from  the  ashing 
container  by  dissolving  in  acid  and  then  is  equilibrated  with  Pu  tracer. 
Wet  dissolution  in  the  presence  of  Pu-236  tracer  allows  exchange  of 
sample  Pu  with  tracer  and  control  over  excessive  temperatures,  thus 
preventing  formation  of  insoluble  oxides  and  polymers.  Wet  dissolu¬ 
tion  wu  routinely  performed,  using  a  refluxing  apparatus  (Figures  F.l 

through  F.3)  or  open  beakers,  by  an  experienced  chemist.  All  samples 
processed  for  plutonium  analyses  employed  Pnn‘  tracer  for  yielding.  The 
tracer  activity  was  normally  all  quoted  such  that  it  was  within  a  factor  of 
five  of  the  expected  sample  activity  but  a  minimum  of  15  dpm.  The 
tracer  was  always  added  at  the  start  of  dissolution  except  for  bone 
samples.  Dissolution  of  the  biological  samples  varied  with  the  tis¬ 
sue  or  metabolism  type  and  size.  A  brief  discussion  of  each  is 
given  below. 

(1)  Small  tissues  (  <2  ounces):  Samples  were  placed  in  ap- 
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proprlate  sized  beakers  (250  to  400  ml),  organ  activity  was  estimated 
from  the  data  in  TG-57,and  appropriate  tracer.added.  Each  sample  was 
covered  with  HNOj  and  the  mixture  boiled  to  low  volume.  Fuming  HNO 
and  HCIO^  were  added  and  the  mixture  again  boiled  to  low  volume. 
When  the  HN03  was  driven  off  and  the  HC104  concentrated  by  boiling, 
an  exothermic  reaction  took  place  and  moderate  foam  swelled  up  Inside 
the  beaker.  The  reaction  could  be  controlled  by  the  addition  of  HNQ^, 
but  with  small  organics  this  was  not  usually  necessary.  Further  boil¬ 
ing  produced  a  clear  solution  containing  only  minor  amounts  of  salts 
which  were  solubilized  on  dilution.  Care  was  taken  to  avoid  evapor¬ 
ation  to  dryness  since  formation  of  explosive  perchlorate  salts  would 
result. 

(2)  Medium  Tissues  (2  ounces  to  2  pounds):  Samples  were  placed 
in  appropriate  sized  beakers  (1  to  4  liters)  and  tracer  added.  Each  sam¬ 
ple  was  covered  with  HN03  and  boiled  to  low  volume.  Sulphuric  acid 
was  added  to  char  the  organic  and  the  mixture  fumed  to  low  volume 
twice  until  a  deep  red  solution  was  obtained.  Fuming  HN03  was  ad¬ 
ded  and  the  solution  boiled  tolow  volume.  Nitric  acid  and  HCIO^ 
were  added  in  that  order  and  the  solution  boiled  to  low  volume.  Sul¬ 
phuric  acid  was  again  added  and  the  solution  boiled  to  low  volume  to 
drive  off  all  HC104  which  forms  explosive  mixtures  with  the  cupfer- 
ron  — CHClj  reagent  added  later  to  extract  plutonium  and  uranium. 

The  dissolution  of  the  samples  in  this  category  was  done  by  theHClO^ 
H?SC.  method  rather  than  the  H,SO.  reflux  method  since  the  former 
was  much  faster.  Also  the  amount  of  organic  present  at  the  time  of 
HC104  addition  was  small  and  any  exothermic  reaction  (occurring 
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wr.cn  ho:  concentrated  HCIO^  Is  mixed  with  organic  matter)  was  mini¬ 
mal. 

(3)  Large  Tissues  {  >  3  pounds):  Most  of  the  samples  in  this 
category  were  dissolved  in  four-liter  beaker;  a  few  tissues  bad 
to  be  divided  into  two  or  more  sections  to  fit.  To  eliminate  the  thaw¬ 
ing  process,an  electric  knife  was  used  for  the  division.  Tracer, 

K,SO.  Hg  catalyst,  and  antifeam  agent  was  added  to  each  section. 

*■  4 

Enough  H.SO  was  added  to  cover  the  sample,  and  an  inverted  6-inch 
*»  4 

funnel,  held  by  a  ring  stand,  was  placed  inside  the  beaker.  The 

sample  was  placed  on  an  individual  hot  plate  (covered  with  asbestos 

to  avoid  cracking  of  beaker  at  ensuing  high  temperatures)  and  heated 

at  low-temperature  until  a  black  tar  mixture  was  obtained.  The  heat 

was  increased  until  the  tar  turned  to,  In  order,  black  felly,  black 

liquid,  red  liquid,  clear  solution.  During  high-temperature  heating  the 

H,so.  refluxed  and  the  inverted  funnel  was  raised  or  lowered  to  con- 
Z  4 

trsl  the  action.  Asbestos  wrapped  around  the  beaker  Increased  the 

temperature  and  reflux  conditions.  A  trace  of  carbonaceous  material 

left  on  the  oeaker  and  funnel  walls  after  refluxing  was  removed  by 

HCIO  cleansing  and  boiling.  However,  the  formation  of  metal  organ- 
4 

ic  salts  from  the  HCIO  precluded  good  decontamination  and  H  SO 

4  Z  4 

washings  were  substituted.  The  remaining  H^SO^  was  finally  fumed 

to  wet  dryness.  Since  many  samples  were  processed  simultaneously 

the  billows  of  heavy,  toxic  SO,,  HCIO  ,  and  nitrous  oxide  fumes  out- 

3  4 

side  the  lab  created  a  potential  health  problem.  A  multi-vacuum  appar¬ 
atus, leading  to  a  large  polyethylene  carboy  filled  with  a  dilute  base, 
trapped  most  of  the  fumes.  The  balance  were  solubilised  in  a  water- 
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scrubber  apparatus  attacned  to  the  outside  nood  vents.  Dlst.llation 
ar.d  condensation  of  the  acid  fumes  was  aiso  tried  inside  the  hood  and 
found  to  be  effective.  During  H^SQ^  evaporation  large  amounts  of  in¬ 
organic  salts  (from  the  combination  of  the  acid  radical  and  the  minerals 
m  the  animal  organ)  precipitated  out  of  the  acid  solution.  Since  these 
salts  interfered  with  later  decontamination  of  P u  and  U,  a  procedure 
was  developed  in  wnich  the  heavy  elements  were  reduced  wlthNH^CH* 

HC1  and  extracted  from  the  bulk  salts  with  cupferron  and  CHGL^«  As 
a  result  of  this  modification  clear  plates  and  good  yields  were  obtained. 

(4)  Bone  Samples  (All  Sizes):  Al»  bone  samples  were  dried  in 
a  drying  oven  overnight  to  reduce  smoking  and  popping  during  the  ash¬ 
ing  operation.  Following  the  drying  process  the  bones  were  cot  as  required  sod 
ashed  at  500°C  overnight  in  Gornlngware  (Corningware  is  glazed  and 
eliminates  ash  sticking  to  the  walls).  The  ash,  salts,  and  low  smoke 
content  of  bones  obviated  swelling  and  entrainment  loss  of  Pu(as  con¬ 
trasted  to  animal  organ  samples).  The  ash  was  transfered  quantitatively 
to  a  beaker  and  dissolved  in  HC1.  Tracer  was  added  at  this  point 

rather  then  at  the  start  to  assure  equilibration  and  accurate  yield.  Los¬ 
ses  of  U  as  well  as  Pu  in  ashed  bone  samples  are  prevented  by  the 
heavy  ash  content.  The  solution  was  boiled  to  low  volume  and  the 
plutonium  and  uranium  extracted  from  the  large  amounts  of  salts  by 
the  cupferron  -  CHCl^  method  mentioned  earlier.  The  extracted  mater¬ 
ial  was  boiled  to  low  volume  and  rebolled  with  HC104  to  wet  dryness. 

In  the  larger  bone  samples,  a  white  residue  appeared  at  this  point 
and  a  second  extraction  was- necessary.  A  few  ml  of  HC1  was  added 

to  the  final  wet  dry  HG104  mixture  prior  to  the  second  extraction.  An 
attempt  was  made  to  remove  Pu  from  an  acid  solution  on  a  ZrjfPO^)^ 
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precipitate.  However,  the  yield*  were  lower  and  plate*  extremely 
dirty,  distorting  the  alpha  energy  spectrum.  This  procedure  was  die1* 
carded  early  for  the  extraction. 

(5)  Metabolism  Samples  (All  Sizes):  Urine  and  feces  sam¬ 
ples  were  analyzed  similarly  except  urine  samples  were  first  evapor¬ 
ated  to  wet  dryness  (after  tracer  addition).  Both  types  of  samples 
were  then  covered  with  HNO^  and  boiled  to  low  volume,  fuming 
HNO  wa*  Added  and  the  solution  cautiously  evaporated  to  dryness. 

When  the  samples  were  near  dryness,  Ignition  occurred  and  the  resi¬ 
due  burned  slowly  with  the  evolution  of  nitrous  oxide  fumes.  After 
the  pyrotechnic  flame  had  subsided  the  residue  was  taken  up  with 
HNTOj  and  HClO^  and  boiled  to  low  volume  as  in  the  medium  tissue 
procedure.  Sulphuric  acid  was  added  and  the  mixture  boiled  to  drive 

off  HCIO  prior  to  the  extraction  with  cupferron-CHCl  • 

4  3 

Biological  Sample  Purification:  After  dissolution,  the  sample 
was  purified.  Purification  is  necessary  to  decontaminate  the  sam¬ 
ple  from  other  radionuclides  present  and  secondly  to  separate  plu¬ 
tonium  from  macro  amounts  of  all  other  elements.  The  final  product 
is  a  weightless,  contaminant-free  Invisible  deposit  of  plutonium. 

Tr.e  preparation  of  a  weightless  deposit  yields  sharp,  well-resol¬ 
ved  alpha  peaks.  The  procedure  is  simple,  well-established,  and 
with  normal  care  results  In  high  yield.  The  basic  steps  in  the  pro¬ 
cedure  are  Fe  (OH)^  precipitation,  ion-exchange  separation,  and 
electroplating  onto  a  polished  platinum  disc.  The  plated  sample 
Is  placed  In  a  small  labeled  metal  containe.  and  is  counted  by 
alpha  pulse  height  analysis. 

The  purification  of  the  larger  biological  and  bone  samples  pre- 
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scnted  so.Tie  special  problems.  Off  color  (white)  Fe(OH)^  precipi¬ 
tates,  acid  dissolution  residues,  and  violent  NaBrO^  oxidation  re¬ 
actions  often  occurred  if  a  hrxono  extraction  was  employed. 

Removal  of  salts  in  the  cupfcrron  -  CHClj  extraction  immediately 
following  dissolution  eliminated  most  of  the  problems  described. 

As  mentioned  earlier,  some  bone  samples  required  two  additional 
cupfenon  -  CHCl^  extractions  to  prevent  large  CaOH-CaPO^  pre¬ 
cipitates  occurring  in  the  first  step  in  purification.  Purification 
of  a  biological  sample  sometimes  required  large  volumes  of  CHCl^ 
and  several  days  of  an  analyst's  time. 

Physical  Sample  Dissolution:  All  physical  samples  proces¬ 
sed  for  plutonium  analysis  employed  Pu-236  tracer  for  yielding. 
Tracer  additions  were  similar  to  those  of  the  biological  analyses 
except  where  large  dilutions  were  necessary.  Heavy  soil  samples 
were  set  aside  pending  investigation  of  a  partial  dissolution  pro¬ 
cedure.  Wet  chemistry  techniques  (using  HF)  were  employed  on 
samples  containing  small  amounts  of  soil.  Filter  and  sticky  film 
samples  were  treated  with  fuming  nitric  and  perchloric  to  destroy 
organic  matter  and  then  with  HF  to  dissolve  any  silicates  present. 

Physical  samples,  es  biological,  were  treated  with  H.SO  -  HCiO 

-  ■*  4 

to  assure  equilibration  of  tracer  and  sample  Pu. 

Dissolution  of  the  physical  samples  varied  with  sample  type 
and  size.  Generally  HF  treatment  was  required  to  remove  silicates 
and  all  of  the  dissolutions  were  started  or  transferred  to  teflon 
beakers.  A  brief  discussion  of  those  types  giving  dissolution 
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problems  arc  listed  below  (HF  disc  boiling  avoided,  prevent  U  pickup). 

(1)  Cdssclla  and  Andersen  Discs t  No  special  obstacles 
were  encountered  until  the  end  of  the  normal  dissolution  procedure. 

A  white  residue  was  observed  on  the  surface  of  some  of  the  discs 
after  removal  from  the  acid  dissolver  solution  and  subsequent  air  dry¬ 
ing  .  The  residua  was  checked  for  activity  but  none  was  apparent.  As 
a  precaution,  the  glass  disc  was  rinsed  into  the  original  beaker  with 
a  IN,  HF-HNQj  solution  which  removed  all  traces  of  the  reslduo. 

(2)  Sticky  Films,  Method  No.  1:  The  sample  was  covered 
wit.n  fuming  HNO^  and  boiled  to  low  volume.  The  procedure  was  re¬ 
peated  until  the  solution  turned  from  black  to  a  dull  red  (usually  re¬ 
quired  approximately  one  liter  of  fuming  HNO^).  Perchloric  add  was 
added  and  the  mixture  boiled  to  low  volume.  An  exothermic  reaction 
occurring  at  this  point  was  allowed  to  go  tc  completion.  Further 
boiling  produced  a  clear  solution. 

(3)  Sticky  Films,  Method  No.  i:  The  sample  was  covered 
with  fuming  HNO^  and  boUed  to  low  volume.  The  process  was  re¬ 
peated  Z  or  3  times  and  the  mixture  allowed  to  dry  and  ignite  on  the 
last  time.  Ignition  was  encouraged  by  dropwise  addition  of  fuming 
HNO^  end  heat.  Final  dissolution  of  the  carbon  black  sample  was 

accomplished  with  addition  of  HCIO  .  Limited  exothermic  reaction 

4 

occurred  in  this  step. 

(4)  Sticky  Films:  Method  No.  3:  Approximately  5  ml  of 

CKjOH  was  added  and  the  sample  ignited  with  a  Fischer  burner. 

Fuming  HNO-,  and  HCIO  were  added  after  ignition  was  completed  and 
■1  4 

mixture  boiled  to  low  volume.  If  the  sample  contained  appreciable 
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amounts  of  dirt,  bumping  occurred.  Addition  of  3  to  &  ml  of  H|SOj 
eliminated  this  bumping  in  boiling  to  low  volume  (some  foaming  oc¬ 
curred  at  this  point).  Finally,  HF  was  added  to  effect  complete  Oil- 
solution  of  the  dirt.  This  method  proved  to  be  tne  most  economical 
timewise  and  in  consumption  of  reagent.  No  loss  of  sample  was  evi¬ 
dent  by  activity  measurements  of  filter  collections  of  tne  fumes, 

(5)  Total  Air  (TAS):  These  samples  were  usually  dissolved  In 
fuming  HN03  and  charred,  followed  by  a  fuming  HNO^-  HClO^  dis¬ 
solution.  Samples  with  appreciable  amounts  of  dirt  required  HF 
treatments. 

(6)  Total  Air  Disposable  (TASD):  Samples  were  relatively 

* 

bulky  and  required  several  acid  dissolutions.  The  samples  were 

treated  with  fuming  HNO^  and  charred.  A  sticky  ring  remained  on 

the  wall  of  the  teflon  beaker  which  was  dissolved  by  boiling  with 

H,SO  and  HClO  .  Nitric  acid  and  HF  were  added  after  the  last 
*>  4  4 

HC104  reaction  and  the  sample  boiled  to  low  volume. 

(7)  Small  Soil  Samples  (<5  gmsVt  Dissolution  of  soils  was 
done  almost  entirely  In  teflon  beakers  due  to  required  HF 
treatments.  Fuming  HNO^  was  first  added  to  cover  tne  sample  and  the 
sample  boiled  until  yellow  fumes  were  no  longer  evident  (bumping  oc¬ 
curs  at  too  low  a  volume).  Perchloric  acid  was  added  and  the  mixture 
boiled  to  wet  dryness.  Little  reaction  occurs  during  this  step.  Fuming 
HNO^  was  added  to  cool  the  mixture  and  HF  added  (15  to  25  ml  for  each 
5  gms  of  soli,  1  ml  at  a  time  to  control  reaction)  until  low  foam  :g  re¬ 
action  subsided.  The  mixture  was  boiled  until  a  clear  solution  was 

*  Not  normal,  but  backing  stuck  to  Alter. 
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obtained.  All  the  sample  except  water  soluble  salts  and  a  trace  of 
hard  silica  (the  latter  showed  no  measurable  activity)  went  Into  eoiu- 
i.on  after  acid  boiling.  Dilution  of  the  acid  solution  (250  ml  for  each 

f>  ■ 

10  gms  of  soil)  dissolved  all  residues  but  the  hard  silica. 

(6)  Large  Soli  Samples  (>5  gmi):  The  physical  samples  were 
of  greater  variety  but  generally  easier  to  dissolve  than  the  biologlcals 
with  the  exception  of  those- containing  heavy  dirt.  All  of  the  soil  sam¬ 
ples,  (approximately  60)  received  for  analyses  contained  1  to  6  pounds 
of  dirt  and  sand.  Samples  this  size  can  be  dissolved  with  large  quan¬ 
tities  of  acids  and  a  lengthy  digestion  period.  The  complicating  factor, 
however,  is  dissolution  of  the  water  soluble  salts  which  precipitate 
during  the  acid  digestion  (salting  out  process).  For  example,  dissolu¬ 
tion  of  10  grams  (453.6  gms  equal  1  pound  of  soll)requires  an  ultimate 

dilution  of  250  ml  to  dissolve  the  water-soluble  salts.  A  proportionately 
greater  dilution  is  needed  for  larger  samples.  Obviously,  the  Pu-239 

activity  in  a  workable  aliquot  of  an  infinitely  large  dilution  would  be 
barely  detectable  even  on  hot  samples.  It  seemed  desirable  there¬ 
fore,  "o  develop  a  method  for  separating  the  Pu  compounds  from  the 
bulk  of  the  soil.  Flotation  agents  were  tried  on  the  premise  the  heav¬ 
ier  plutonium  bearing  particles  would  separate  from  bulk  soil  by  grav¬ 
ity  centrifugation.  The  so-called  soils,  however,  apparently  had 
components  equal  or  greater  In  density  to  plutonium  compounds  since 
957<-  of  the  material  vas  deposited  in  the  bottom  of  the  centrifuge  cone. 
Pcrnaps  the  soils  were  heavy  dense  volcanic  ash. 

Following  the  flotation  procedure  a  tracer  and  tracer-free  partial 
dissolution  of  the  soils  was  attempted  and  the  results  were  highly  suc- 
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cessful.  In  this  method,  eight  SO  gram  samples  from  Clean  Slate  Q 
and  III  soil  thrcwout  collections  were  treated  in  a  manner  similar  to 
total  dissolutions  of  small  soil  samples  except  the  reaction  was  stop¬ 
ped  after  approximately  one  fourth  (30  minute*  of  dissolution  time  re¬ 
quired)  of  the  soil  was  dissolved.  Aporoximately  SO  ml  of  f-HNO^ 
and  saturated  H3  BO^  was  added  and  the  mixture  boiled  to  wet  dry¬ 
ness.  Hydrochloric  acid  additions  with  boiling  were  repeated  until 
the  HN03  was  destroyed.  Care  was  taken  to  avoid  excessive  foam¬ 
ing  and  swelling  of  the  heavy  scum  which  appeared  at  low  volume. 

The  mixture  was  transferred  to  a  large  sized  poiy  bottle  with  HC1 
washln'  .  and  diluted  to  the  half  full  mark  with  H^O.  Hydroxylamlne  - 

HC1,  CHClj  and  cupferron  reagent  were  added,  the  mixture  stirred 
vigorously,  and  centrifuged  to  separate  the  phases.  Approximately 
95%  of  the  now  dark  CH^Cl^  layer  was  removed  with  a  transfer  pipet, 
care  being  taken  not  to  disturb  the  interface  scum.  The  extraction 
was  repeated  until  the  CHC13  layer  was  colorless  (usually  required 
4  to  6  extractions).  The  extracted  collections  were  evaporated  at  low 
heat  to  a  heavy  sludge  (light  flaming  occasionally  occurred  in  the 
sludge).  Dilute  HN03  )  was  added  to  the  sludge  and  the  mix¬ 
ture  boiled  to  a  heavy  black  tar.  If  bumping  occurred  HC1  was  ad¬ 
ded.  Nitric  acid  was  added,  the  mixture  boiled  to  wet  dryness, 
and  the  procedure  repeated  with  f-HNO^  until  the  tar  turned  a  black 
liquid.  Perchloric  acid  was  added  and  a  resulting  slow  exothermic 
reaction  allowed  to  go  to  completion.  The  solution  was  boiled  until 
perchlorate  salts  precipitated.  Most  of  the  salts  were  dissolved  by 
repeated  boiling  with  aqua  regia.  Remaining  salts  were  washed  with 
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H20  and  boiled  In  fuming  HNOj  “  HC1.  The  *olution»  were  combined 
and  diluted  to  .the  mark  in  a  volumetric  flask  with  fuming  HNO^  and 
H*0. 

The  residue  from  each  of  the  partial  dissolutions  was  completely 
dissolved  in  a  manner  similar  to  lhat  for  the  small  soil  samples.  Re¬ 
sults  of  the  eight  samples  showed  approximately  95f«  of  the  plutonium 
was  extracted.  Subsequent  experiments,  however,  show  that  partial 
dissolution  must  be  restricted  to  sample  sections  Of  ZOO  gms  or  less 
because  of  dilution  and  extraction  limitations. 

(9)  Liquid  Water:  The  water  samples  were  contained  in  glass 
bottles.  The  cap  had  been  sealed  with  tape  but  most  of  the  bottles 
had  leaked  rather  badly.  The  pH  of  each  sample  was  determined  with 
a  Beckman  pH  meter.  The  volume  of  the  sample  was  measured  in  a  grad¬ 
uated  cylinder.  All  of  the  samples  contained  appreciable  amounts  of  al¬ 
gae  and  dirt.  A  suspension  aliquot  of  each  sample  was  centrifuged  and 
a  stippled  plate  activity  measurement  made  of  each  supemait  Aliquots 
from  samples  showing  activity  in  the  centrifuge  supemate  were  filtered 
through  a  millipore  filter  and  the  filtrate  analyzed  by  alpha  pulse  height 
analysis.  The  millipore  filter  was  leached  with  successive  additions  of 
0.  IN  HC1  over  a  4B-hour  period.  Each  leach  was  filtered  through  a  new 
millipore  and  the  filtrate  analyzed  by  2TT  counting  of  a  stippled  plate. 
Tne  millipore  filters  from  some  of  the  leached  samples  were  dissolved, 
purified,  and  analyzed  by  alpha  pulse  height  analysis. 

A  separate  suspension  aliquot  of  several  of  the  samples  was  ana¬ 
lyzed  by  cupferron  -  CHCl^  extraction  at  neutral  pH  and  counted  by 
alpha  spectroscopy. 
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The  contents  of  five  bottles  were  totally  dissolved  and  analyzed 
oy  standard  Roller  Coaster  radiochemical  methods,  including  alpha 
^.pulsc  height  analysis.  Acid  rinses  of  bottles  were  also  analyzed. 

All  the  analyses  were  for  plutonium  content  and  some  for  uranium. 

Physical  Sample  Purification:  The  majority  l  the  physical  sam¬ 
ples  were  purified,  following  dissolution, in  a  routine  manner  by  the 
purification  procedure  given  in  Appendix  B.  Physical  Samples  with 
heavy  dirt,  however,  required  several  cupferron-CHCl^  extractions  and 

alternate  NaOH-Na  CO.  NH  OH  precipitations  to  free  the  plutonium 
Z  j  4 

compounds  from  excessive  salt  concentrations.  In  samples  contain¬ 
ing  large  amounts  of  Fe,  a  brown  residue  appeared  on  the  resin  puri¬ 
fication  column.  This  residue  was  dissolved  during  HC1  elution.  A 
trace  of  insoluble  salts  sometimes  formed  in  the  purified  solution 
(tentatively  identified  as  aluminum  and  titanium  oxides)  but  contain¬ 
ed  no  activity . 

Electroplating:  A  rapid  electrodeposltion  procedure  was  used  to 
obtain  from  the  purified  sample  a  weightless,  Invisible  deposit  of 
plutonium  on  a  platinum  disc.  A  plating  time  of  10  minutes  was  usu¬ 
ally  required.  The  disc  was  5  mils  thick  with  a  mirror  finish,  pre¬ 
cut  to  Z.  Z  cm  in  diameter.  The  electrodeposition  cell,  designed  by 
our  laboratory,  limited  the  plating  solution  exposure  to  a  glass  tower, 
teflon  gasket,and  platinum  disc. 


An  excess  of  solution  during  the  plating  operation  can  result  in  as 


tion  was  found  to  be  approximately  4  ml  which  represents  about  1/4 
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men  of  liquid  in  the  plating  cell.  In  general,  those  samples  having 
heavy  dirt  at  first  produced  dirty  plates.  Changing  lab  reagents, 
plating  solutions,  and  re-extracting  the  sample  with  hexone  just 
prior  to  plating  did  little  to  Improve  plate  quality.  Cupferron  -CHCl^ 
extraction,  baking  the  water  extractant  with  successive  additions  of 
aqua  regia,  and  resin  column  purification  produced  clean  plates. 

Dirty  plates  also  occurred  when  any  residual  organic  material  was  not 
destroyed  or  when  extraction  was  incomplete.  Rinsing  the  plates  with 
distilled  water  and  flaming  improved  plate  quality. 

Stippled  Plates:  All  samples  with  field  monitor  activity  levels 
above  a  certain  range  were  dissolved  tracer  fr«e  and  a  stippled  aliquot 
measured  for  approximate  activity.  If  the  high  activity  value  was  con¬ 
firmed,  a  dilution  was  made  and  tracer  added  to  the  aliquot.  This  pre¬ 
vented  mis -match  of  Pu-239  activity  and  tracer  so  that  one  alpha  peak 
was  not  swamped  by  the  other  in  the  pul6e  height  spectra. 

Odors:  Last  but  not  least  was  the  problem  of  nefarious  odors 

emanating  from  the  dissolved  large  tissues  and  especially  metabolism 
samples.  Fortunately,  the  odors  from  tissues  were  all  but  eliminated 
by  HCIO  type  dissolution  and  H  SO  refluxing  methods.  Ball-downs 
of  urine  and  feces  samplesj  though  often  produced  a  pungent  odor  in 

the  lab.  A  resourceful  chemist  purchased  a  Buddha  incense  burner^ 
and  the  resulting  atmosphere  was  satisfactory  to  everyone’s  olfactory 
senses. 

Uranium  Separation:  A  uranium  separation  from  plutonium  was 
made  in  each  plutonium  analysis  by  a  basic  carbonate  precipitation 
which  carries  plutonium.  The  uranium  carbonate  complex  Is  soluble 
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under  these  conditions.  However,  If  due  to  sample  impurities,  the 
uranium  does  not  solubilize  completely,  It  will  not  Interfere  with 
the  measurement  of  Pu-239  (5.0  to  5.2  Mev  integration  limits)  In  an 
alpha  pulse  height  analysis  since  uranium  alphas  fall  at  a  lower 
energy.  In  the  procedures  outlined,  the  uranium  separated  in  the 
plutonium  procedure  was  not  used  for  analysis.  The  uranium  analy 
sis  was  performed  with  sufficient  sensitivity  on  another  aliquot  of 
the  dissolved  sample. 

Assuming  1  pg  of  natural  uranium  to  be  present  in  a  sample  con- 
taming  10  dpm  Pu-239,  an  unexpectedly  high  ratio,  the  following  sam¬ 
ple  activities  can  be  expected: 


Nuclide 

cpm 

Alpha  .Energy 

U-238 

0.26 

4.18  Mev 

U-235 

0.01 

4.40  - 

U-234 

0.25 

4.75  " 

T1  A 

ru-tj 7 

3. 47 

5.14  " 

Pu-238 

- 

5.48  * 

Pu-236 

5.75  - 

The  closest  Pu  and  U  alphas,  as  Is  evtdent;are  sufficiently  sep¬ 
arated  In  energy. 

2.  5  PREPARATION  OF  TRACER 

The  tracer  employed  in  yielding  plutonium  isotopes  is  Pu-236 
(made  by  the  d,  n  reaction  on  highly  purified  U-235).  The  Pu-236 
was  prepared  in  a  cyclotron  irradiation  and  chemically  purified  ai 
Tracerlab.  Approximately  20,000  dpm  was  aiiquoted  and  pulse-height 
analyzed  to  determine  Isotopic  purity  and  percent  Pu-239,  240  p»*es- 
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ent,  if  any.  Corrections  to  subsequent  aampiaa  were  applied  11  any 
Pu-239,  240  was  found  In  the  tracer.  Prevloua  experience  haa  shown 
that  on  high  purity  Pu-236,  the  ratio  of  Pu-239/Pu-236  la  about 
1x10  ** .  The  importance  of  any  correction  dependa  on  the  Pu-239, 
240  activity  in  the  sample  analyzed.  Once  the  purity  of  the  tracer 
had  been  established,  two  stock  solutions  were  standardized  at 
about  400  and  20  dpm/ml.  A  choice  of  stock  for  each  analysis  de¬ 
pended  on  the  anticipated  activity  of  the  individual  sample. 

Ionic  Pu-236  tracer  has  shown  a  tendency  to  polymerize  and/or 
form  oxides  on  standing  or  in  the  presence  of  trace  quantities  of  or¬ 
ganics.  This  can  result  in  Incomplete  equilibration  with  other  Pu 
radioisotopes  and  loss  of  yield.  Preparation  of  Pu-236  standards 
from  a  concentrated  stock  solution,  therefore,  included  an  HCIO 

4 

treatment  to  destroy  organics  and  aolublllze  all  tracer  activity. 
Residual  amounts  of  the  acid  were  left  in  the  standard  solutions  to 
hold  the  tracer  in  a  soluble  form. 

The  trace;  was  standardized  by  isotopic  dilution  and  exhaustive 
electrodeposition.  In  both  methods,  a  suitable  aliquot  was  with¬ 
drawn  from  stock  ,  electrode  posited  on  a  platinum  disc,  and  counted. 
In  exhaustive  electrodeposition  the  plating  solution  was  reduced  In 
volume  and  any  remaining  plutonium  again  electrodeposlted.  This 
process  was  repeated  until  further  electrodeposition  produced  no 
change  in  disc  activity.  Summation  of  the  eiectrodeposlttons  gave 
the  tracer  concentration.  Four  to  eight  determinations  were  norm¬ 
ally  averaged  to  yield  a  final  value.  Concentrations  were  usually 
determined  to  plus  or  minus  2%. 
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In  isotopic  dilution  a  spike  of  National  Bureau  of  Standards 
stock  solution*  (99,97%  pure)  was  added,  for  yielding,  to  nine 

aliquots  of  the  purified  Pu-236  stock  solution.  The  spike  and  tracer 
were  equilibrated  by  evaporation  with  HjSO^  and  HCIO^  and  electro- 
deposited  on  the  platinum  disc.  The  plated  samples  were  counted 
and  the  Pu-236  concentration  calculated  after  Pu-239  yielding. 

Exhaustive  electrodeposition  gave  an  average  concentration  of 
2S,0  ■t  0.36  dpm/ml  Pu-236  for  four  aliquots.  Isotopic  dilution 
gave  an  average  of  25.7  ^  0.26  dpm/ml  for  nine  aliquots.  Experience 

has  shown  that  the  first  method  is  susceptible  uo  low  results  due  to 
sequential  handling  losses.  This  point  has  been  confirmed  by  stan¬ 
dardization  of  thG  tracer  using  a  combination  of  both  techniques  on 
the  same  aliquots  of  tracer. 

It  was  anticipated  that  the  Pu-236  tracer  might  change  concen¬ 
tration  over  a  period  of  time  due  to  a  combination  of  factors,  pri¬ 
marily  evaporation  of  the  media  and/or  deposition  of  the  tracer  on 

the  walls  of  the  polyethylene  storage  bottle.  To  minimize  this  error, 
aliquots  of  the  standardized  stock  solutions  were  added  to  several 
small  polyethylene  storage  bottles  and  acidified  with  6N  HC1. 

To  insure  that  the  accuracy  of  the  tracer  standardization  was 
maintained,  a  set  of  two  exhaustive  electrodeposttlons  was  per¬ 
formed  after  five  months.  (See 'Tracer  Standardization  Procedure  In 
Appendix  B  for  method) .  The  set  of  two  platings  had  to  agree  within 
2.5%  and  their  average  within  2%  of  the  previous  standardization, 

or  further  platings  and/or  complete  re  standardization  was  necessary. 

*  An  analysis  of  the  NBS  standard  (listed  as  99.97%  pure)  on  our  Mass 
Spectrometer  gave  the  following  isotopic  composition;  94.386  weight 
%  Pu-239,  5.271  weight  %  Pu-240,  and  0.343  weight  %  Pu-24i.  The 
Pu-239,  Pu-240  alpha  disintegration  rate  of  the  solution  was  calcula¬ 
ted  from  this  data. 
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2.6  ACTIVITY  MEASUREMENTS 

Counting:  Each  plutonium  sample  was  electroplated  on  a  S-etll 
platinum  disc  (for  best  peak  resolution)  and  counted  on  an  alpha 
pulsd  height  analyzer.  The  disc  was  Ignited  to  remove  any  residual 
deposit,  since  resolution  decreases  proportionately  with  an  Increase 
in  deposit  thickness.  In  order  to  utilize  existing  equipment,  the 
outputs  from  four  Frisch  Grid  Chambers  were  connected  to  one  multi¬ 
channel  analyzer  by  dividing  the  full  range  of  the  analyzer  (256 
channels)  Into  quadrants  of  64  channels  each.  The  Instrument  con¬ 
trols  were  adjusted  so  that  the  sixty  four  channels  covered  the  entire 
energy  range  of  the  plutonium  isotopes.  The  amplifier  controls  were 
adjusted  to  cover  the  range  4.5  to  6.0  Mev  which  Included  Pu-238 
(5.49  Mev),  Pu-239  (5.15  Mev),  and  Pu-240  (5. IS  Mav)  and  Pu-236 
(5,75  Mev)  tracer.  This  amplifier  gain  setting  gave  a  scale  factor 
of  approximately  37  Kev  per  channel,  and  each  Isotope  present  wae 
registered  over  a  spread  of  about  ten  channels.  Optimum  gain  set¬ 
tings  discriminated  against  activity  energies  outside  the  Pu-236, 

239  energy  region.  The  result  was  a  pure  spectra  of  Pu-236,  238* 

239.  Even  slightly  dirty  plates  showed  minimum  straggling  In  the 
valley  region  of  the  spectrum.  Occasionally  a  small  alpha  \  rak 
from  the  U-232  decay  daughter  of  the  tracer  was  seen  If  a  sample 
was  recounted  several  weeks  after  chemical  decontamination. How¬ 
ever,  the  U-232  peak,  located  at  an  Independent  energy,  In  noway 
interfered  with  the  analysis.  Samples  with  low  yields  or  poor  spectra 
were  reworked . 

A  disposable  metal  collimating  ring,  surrounding  each  sample 
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disc, was  used  with  each  sample  to  preclude  the  counting  o l  de¬ 
graded  alpha  particles.  Some  loss  in  counting  efficiency  resulted 
wjs  offset  by  improved  peal;  contours  and  distinct  separation  of 
alpna  energy  peaks.  The  resolution  (f-ll  widtr.  at  half-maximum)  of 
the  four  Fnsch-Grid  c'  vmbers  including  duo  coilfmation  was  0,118% 
at  5,  ISNfev.  The  alphu  peak  counting  efficiency  was  approximately 
35%. 

The  counting  time  for  an  unknown  sample  was  determined  by  the 
isotope  having  the  lowest  activity.  A  total  collected  count  of  this 
isotope  wmch  gave  a  standard  statistical  counting  error  of  10%  was 
considered  satisfactory.  However,  if  possible,  a  total  collected 
count  giving  a  standard  error  of  3%  was  obtained.  The  tracer  yielu 
was  determined  to  an  ercor  of  1%. 

Table  2.2  Indicates  the  variables  involved  in  the  choice  of  count¬ 
ing  time.  Counting  times  of  much  greater  than  1000  minutes  were 
no;  economically  justified.  Also  samples  with  adequate  yields  snow¬ 
ing  r.o  Pu-23 9 activity  after  40  minutes  of  counting  time  were  reported 
as  suen  wuh  a  standard  error  for  the  background  count  of  the  instru¬ 
ment. 

TABLE  2.2  TOTAL  COUNTING  TIME  REQUIRED  TO  GIVE  LISTED 


ERROR* 


Activity 

3% 

EiTor 

5% 

Error 

10% 

Error 

10  cpm 

111 

40 

10 

1  * 

1110 

400 

100 

0.  1  - 

1 1100 

4000 

1000 

*3ackground  for  alpha  pulse  analyzer  is  virtually  negligible,  ranging 
from  0.  006to  0.  0i  cpm. 
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D'':.yr,n  unr,  of  Q^mr-try:  A  geometry  factor  is  used  to  con- 
v,  it  tr. <'  ooiervcd  counting  rate  of  an  unknown  sample  to  absolute 
dii<ntt.';i aliens  per  minute  (dpm),  The  geometry  factor  is  defined  as 
the  coserved  corrected  counting  rate  divided  by  the  absolute  disinte¬ 
gration  rate  of  a  calibrated  plutonium  standard  source.  The  obser¬ 
ved  counting  rate  of  a  sample  always  contains  the  following  Inherent 
losses. 

(1)  2TT  Geometry:  Th®  geometry  is  restricted  to  Z  Tf  stera- 
dians  oy  virtue  of  a  flat  disc  mounting. 

U)  CoUiniation  Loss:  Described  in  counting  section. 

Analysis  of  Pulse  Height  D*ta:  A  short  run  of  a  calibrated  plu¬ 
tonium  standard  source  was  made  before  and  after  the  analysis  of  an 
unknown  plutonium  sample.  This  procedure  gave  an  evaluation  of  the 
counting  geometry  and  resolution  of  the  instrument  including  any  chan¬ 
nel  shilling  of  the  alpha  peak  ,  in  this  interval  of  time. 

After  counting  a  sample,  a  Pulse  Height  Graph  sheet  was  used  to 
make  a  grapmcal  plot  of  the  data  as  needed.  Channel  counts  on  the 
ordinate  were  plotted  versus  channel  number  and/or  energy  on  the 
abscissa.  Prom  this  graph,  together  with  the  data  tape,  an  analysis 
of  tne  isotope  peaks  was  carried  out  utilizing  the  attached  processing 
sneet.  In  selecting  the  group  of  channels  representing  each  isotope 
peak,  ihv>  following  points  were  considered: 

(1)  Width  of  Isotope  Peak  Base:  Since" each  Jsotope  peak 

■  s 

wnich  represents  a  single  alpha  particle  energy  is  theoretically  of 
Ue  same  contour,  its  base  will  cover  the  same  number  of  channels 
with  only  the  neight  of  the  peak  differing  in  each  base.  The  peak 
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contour  may  b«  represented  approximately  by  a  Gaussian  distribu¬ 
tion  curve  as  described  in  tha  references. 

U)  Low  Energy  Tall:  The  low  energy  tall  of  each  isotope 
peak  will  continue  down  to  zero  energy.  Hovmver,  no  counts  lass 
than  lit  of  the  peak  height  are  added  to  the  totalized  peak  count. 

The  totalized  count  of  the  calibrated  plutonium  standard  source  Is 
evaluated  in  the  same  manner. 

(3)  Background  :  On  low  counting  samples,  it  Is  necessary 

to  conrect  for  background.  This  correction  Is  compiled  from  a  statis¬ 
tical  summation  of  consecutive  background  determinations  sod  Is 
subtracted  empirically  In  the  peak  energy  region,  from  a  knowledge  of  the 
Isotopes  present  and  of  their  peak  contours. 

(4)  Peak  Resolution:  The  resolution  is  determined  by  the  width 
of  the  peak  contour  and  will  determine  the  possibility  of  detecting 
isotope  peaks  In  close  proximity.  Resolution  may  be  mathematically 
denoted  as  the  peak  width  at  Its  mid-height  divided  by  Urn  peak  ener¬ 
gy,  each  value  expressed  In  the  same  energy  units.  The  resolution  for 
selected  analysis  Is  calculated  In  order  to  determine  the  amount  of 
instrument  drift.  The  desired  re  so  lu  doc  was  always  better  than  1.5  percent. 

(5)  Instrument  Drift:  Drift  Is  defined  as  the  percentage  change 
in  peak  resolution  during  an  analysis.  It  Is  evidenced  by  a  broaden¬ 
ing  of  the  peak  contour  and,  in  extreme  cases,  will  give  rise  to  ex¬ 
cessive  peak  overlap.  The  amount  of  drift  wUi  Indicate  the  degree 

of  instrument  stability  during  an  extended  analysis.  Repeat  analyses 
will  be  indicated  if  the  amount  of  drift  impairs  good  peak  resolution. 
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Alpha  Spectroscopy  Quality  Control:  The  reliability  of  the  alpha 
pulse  height  analysis  system  must  be  checked  periodically  regardless 
of  the  observed  reliability.  Day  to  day  standards  of  instrument  opsr- 

,T1  ' 

etlon  are  measured  by  observing  the  before  sad  after  runs  of  the 
standards  (see  counting  reference  for  details).  The  width  and  an** 
ergy  location  of  the  standard  and  cample  isotope  peaks  base  must 
correspond.  A  drift  of  more  than  1  percent  at  five  Mev  between  the 
two  is  cause  for  Instrument  repair. 

In  addition,  a  background  spectrum  must  be  taken  at  least  once 
per  month  (and  more  often  If  contamination  is  suspected).  The  beck* 
9~ound,  taken  In  the  region  of  4.0  to  6.2  Mev,  must  match  the  sam¬ 
ple  isotope  peak  base,  and  shall  not  exceed  five  counts  per  hour. 

Any  excess  is  reason  for  determination  of  the  cause  of  the  back¬ 
ground  and  removal  of  the  source. 

The  counting  efficiency  of  the  Instrument  Is  checked  monthly  by 
counting  a  calibrated  three~peak  alpha  source  containing  Pu-237, 

Am -241  and  U-Z33,  The  source  Is  counted  In  the  energy  region  of 
4.  5  to  5.  7  Mev. 

The  individual  peak  efficiency  Is  checked  by  integrating  the 
peaks  and  comparing  with  the  assigned  Isotopic  dpm  values  of  the 
source.  A  divergence  of  more  than  1  percent  from  the  assigned  val¬ 
ues  on  subsequent  efficiency  checks  is  esuae  for  further  Investigation 
and/or  maintenance  aa  necessary. 

2.  7  CALCULATIONS 

Plutonium  Isotopes:  The  results  of  the  alpha  pulse-height 
analyses  are  presented  on  printed  tape.  A  graphical  plot  of  a  typical 
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spectrum  is  illustrated  in  Figure  F.4.  The  en-rjy  calibra¬ 
tion  line  was  calculated  from  the  pra-and  post-counting  energy 
calibrations  of  the  counting  chamber.  A  summation  was  made  of 
counts  under  each  Isotope  peak  present.  These  counts  were  cor¬ 
rected  for  low  energy  tall,  background,  peak  resolution,  and  instru¬ 
ment  drift.  The  plutonium  content  of  the  sample  was  calculated  by. 

Pu-239,  240  (dpm)  *  counts  Pu-23 9,  240  x  dpm  Pu-236 

Counts  Pu-236 

Plutonium-239  and  Pu-240  could  not  be  calculated  separately  as 
thetr  alpha  energies  were  too  dose  to  resolve  with  a  Frisch-Grld 
Chamber. 

The  counting  efficiency  of  each  Frlsch-Grld  Chamber  was 
measured,  using  a  Hgh  precision  alpha  standard,  and  It  was  not 
necessary  to  calculate  a  yield  separately  to  determine  the  plutonium  content. 
However,  e  yield  was  always  determined  as  a  quality  control  tnaaa- 
ure  In  order  to  assess  the  efficiency  of  the  chemistry  procedure.  The 
yield  was  calculated  by: 

Pu-236  yield  *  dpm  Pu-236  recovered 

dpm  Pu-236  added  x  Pu-236  decay  factor 

Uranium:  The  results  of  the  fluorimetrlc  analyses  are  pre¬ 
sented  as  miUiamps  on  the  Jarrell- Ash  fluorimeter.  Milllamps  are 
converted  to  pg  UjOg/  total  sample  by: 

UjOr  (t*®/  sample)*  (  Ma  sample  -  Ma  bko. )  x  Cf 

%  yield  x  aliquot  factor 

where:  Cf  **  calibration  factor  from  std.  callb.  curve 

%  yield  "  (Ma  spike  -  Ma  bkq. )  x  Cf  -  (Ma  sample  -  Ma  bkqJx  Cf 

Pd  U3  Og  •Pika 
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CHAPTER  3 


DATA  PRESENTATION 

3.1  DISCUSSION 

Tables  E.l  through  E.13  contain  the  plutonium  and  uranium  data 
lor  the  Physical,  Biological,  and  Quality  Control  Samples.  Also 
Included  ere  counting  time,  yield,  and  rework  Information.  The 
tables  are  a  summation  of  all  the  bl-waekly  reports  plus  new  data 
generated  since  the  last  bi-weekly  report.  New  data  are  starred. 

A  key  to  the  sample  types  precedes  the  tables. 

3 . 2  BIOLOGICAL  DATA 

Tables  E.5  through  E.7  contain  the  plutonium  and  uranium  data 
for  the  Biological  samples.  Tables  are  listed  by  animal  type.  The 
data  are  listed  by  tissue  type  and  number.  All  plutonium  values 
are  reported  as  dpm  Pu-239,  240/total  sample.  All  uranium  values 
are  reported  as  p.g  U3  Og  total  sample.  A  counting  error  in  dpm 
was  assigned  each  Pu-239,  240  value  and  the  data  presented  in 
orders  of  magnitude.  The  error  assignment  as  well  a."  the  base 
value  Is  in  terms  of  the  given  power.  Pertinent  information  relative 
to  the  analysis  appears  in  the  remarks  column  .  Zero  or  negative 
values  were  Included,  accompanied  by  the  counting  error;  but  never 
was  the  positive  numerical  value  of  \he  latter  lass  than  the  negative 
value.  In  most  instances,  the  statistical  precision  of  the  data  meet 
requirements  set  by  the  referee  team.  In  general,  most  of  the  yields 
exceeded  50%.  A  few  samples  with  low  yields  were  either  reworked 
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or  counted  for  longer  periods  to  assure  good  statistical  accuracy. 
Uranium  data  wcie  derived  from  10%  aliquot*  and  are  listed  opposite 
the  Pu-239,  240  value  for  a  given  sample. 

The  dog  and  sheep  data  are  given  for  the  Double  Tracks  or  Clean  Slate 
II  events  ,  the  burro  on  Double  Tracks  only.  Since  exact  animal  loca¬ 
tion  was  not  available,  no  attempt  was  made  to  correlate  laboratory 
analytical  data  with  field  Information.  Comparisons  were  made 
among  tissue  types,  metabolism  samples,  animals,  and  events  for 
Pu  and  U  content  as  follows: 

(1)  Dog  Tissues:  Most  of  the  Pu  was  concentrated  In  the  G.I. 

Tract,  lung,  trachea,  and  nasal  mucosa.  On  the  average,  the  G.I. 

2 

Tract  was  a  factor  of  approximately  10  greater  than  any  of  the  other 
three  tissues.  The  activity  In  the  four  tissues  ranged  from  <1  to  1.63 
x  104  dpm .  The  U  concentration  In  most  tissues  was  less  than  1  pg 
per  sample  and  showed  little  tendency  to  follow  the  Pu.  For  example, 
the  tissue  with  the  highest  U  value,  2.99pg  In  the  lung  of  Animal 
1020,  contained  only  3.36  dpm  of  Pu. 

(2)  Sheep  Tissues:  The  Pu  was  found  principally  tn  the  tra¬ 
chea,  G.I.  Tract,  Lung,and  Nasal  Mucosa.  In  general,  where  the 
Pu  was  distributed  among  these  tissues,  It  was  divided  fairly 
equally.  However,  more  of  the  lung  samples  contained  appreciable 
amounts  of  Pu.  Activity  values  In  tne  sheep  tissues  mentioned 
ranged  fromc  1  to5.45  x  10  .  Similarly  lo  the  dog  samples.  U  con¬ 
centration  was  usually  less  than  1  pg  and  did  not  necessarily  fol¬ 
low  the  Pu.  The  tissues  of  three  samples,  2050,  2052,  2127, 
were  the  highest  in  uranium  but  low  tn  plutonium. 
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(3}  Burro  Tissues:  Most  of  the  Pu  was  concentrated  In  the 
lungs^but  appreciable  amounts  were  detected  in  some  liver,  hilar 
node,  and  G.l.  tract  samples.  Also  one  bone,  kidney,  and  tra¬ 
chea  showed  appreciable  Pu.  The  lung-to-ilver  ratio  ranged  fro m 
near  unity  In  a  few  samples  to  55  In  Sample  3043.  Very  few  uran¬ 
ium  analyses  were  run  on  burro  tissues.  All  were  less  than  1  ug. 

(4)  Metabolism  samples:  All  tha  analyses  In  this  category 
were  performed  on  sheep  eliminations .  Most  of  the  metabolism 
data  showed  high  values  relative  to  the  animal  tissues.  The  data 
ranged  from  approximately  10 1  tolO4  dpm  per  sample.  Neither 
urine  nor  feces  values  necessarily  dominated  the  Pu  content  of 

a  given  animal  sample.  Uranium  analyses  were  not  required  of 
metabolism  samples. 

(5)  Arlmals:  The  G.l.  tract  of  the  dog  samples  and  burro 
lungs  dominated  the  Pu  content  of  all  animal  tissues.  Uranium 
data  was  too  low.  In  most  Instances,  to  make  a  significant  compari¬ 
son  among  animals.  Average  values  for  tissues  containing  the 
largest  amounts  of  Pu  are  given  below  in  Table  3.1  in  dpm  per  sample. 

(6)  Event:  Only  three  sheep  lung  samples  from  Clean  Slate  It 
contained  appreciable  amounts  of  Pu.  All  other  large  values  were 
In  Double  Tracks  data. 

3.3  PHYSICAL  DATA 

Tables  E.l  through  E.4  contain  the  plutonium  and  uranium  data  for 
the  physical  samples.  Tables  are  listed  by  event.  The  data  are 
listed  by  sample  position  In  the  test  pattern  with  corresponding 
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TARLF:  3.1  ANIMAL  TISSUES  WITH  GREATEST  Pu  CONTENT 


Dot 

Sheep 

Burro  ^ 

2.0  x  10 

Bone 

Kidney 

3.6  x  10l* 

Liver 

5.3  x  10l 

Lung 

4.8  x  10l 

9.0  x  101 

5.52  x  102 

1* 

5 •  b  x  10A 

Hilar  Node 

Trachea 

2* 

2.4  x  10 

2.7,  x  101* 

1.7  x  10l* 

G.I.  Tract 

2.7  x  103 

2.4  x  102 

3.2  x  101* 

Nasal  Mucosa 

9.8  x  101 

1.6  x  102# 

•Based  on  one  or  two  analyses  only.  All  other  values  average  of 
several  analyses. 


TLW  collection  and  analysis  number.  Pretest  and  offsite  data  ap¬ 
pear  at  the  end  of  each  table.  The  statements  concerning  data  re¬ 
porting  and  counting  precision  under  the  previous  sectton  apply  to 
the  physical  data.  Yields  were  rarely  below  60%  except  for  a  few 
samples  with,  heavy  dirt.  Uranium  analyses  were  performed  on 
aliquots  to  10%  of  the  sample  and  are  listed  opposite  their  Pu-239, 

240  counterparts.  Pertinent  Information  relative  to  the  analysts  is 
footnoted.  The  ratio  of  Pu-23S,  240  by  radiochemical  analysts  to 
the  field  monitor  value  Is  given  In  the  last  column.  To  be  meaning¬ 
ful.  any  radiochemical  or  field  monitor  value  from  0-to-i  dpm/total 
sample  was  arbitrarily  assigned  a  1-dpm  value  for  the  ratio  calcu¬ 
lation.  In  such  Instances,  the  ratio  was  preceded  with  a  computer 
approximate  sign  (CA). 

The  field  positions  of  physical  samples  were  well  documented 
and  an  attempt  was  made  to  correlate  some  of  the  data  by  event  as  follows: 
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(1)  Doubletracks:  In  general  .deposition  contours  determined 
from  radiochemical  analyses  of  aluminum  collectors  and  deposition 
films  agreed  with  those  established  by  alpha  field  surveys.  A  mod¬ 
erate  amount  of  activity  was  detected,  however,  outside  the  contour 
of  the  P  and  R  arcs  as  far  as  Station  068  on  the  right  side.  The 
Casella  and  Andersen  disc  numbers  showed  mixed  results  with  regard 
to  their  internal  system.  In  some  Instances,  the  plutonium  content 
decreases  progressively  with  successive  stages,  but  often  the  sec¬ 
ond  and  third  stages  have  values  higher  than  the  first.  Uranlum-to— 
plutonium  ratios  were  somewhat  erratic  and  were  higher  than  expected 
The  uranium  content  does  not  follow  the  plutonium  in  many  cases, 
particularly  in  values  from  far  out  arc  locations.  RadlochemtcaUto- 
fleld  monitor  plutonium  ratios  wera  within  a  factor  of  unity  in  gen¬ 
eral  with  deviation  orders  of  magnitude  in  either  direction  for  many 
analyses.  Particularly  noticeable  were  the  high  ratios  of  some  alum¬ 
inum  collectors  and  deposition  films, 

(2)  Clean  Slate  I :  Deposition  contours  were  determined  from 
deposition  films  and  agreed  In  general  with  contours  from  alpha  sur¬ 
vey  readings.  Moderate  activity  appeared  outside  the  contour  on 
Arc  H  as  far  as  Stations  024  on  the  left  and  038  on  the  right.  The 
Casalla's  and  Andersen's  showed  most  of  the  activity  to  be  concen¬ 
trated  in  the  first  lmpactor  stage  followed  by  a  decrease  of  activity 
with  successive  stages.  Uranlum-to-plutonlum  ratios  wera  erratic^ 
butjln  general,  lower  than  those  in  the  Double  Tracks  event.  Radlo- 
chemtcaMo-fiald  monitor  plutonium  ratios  were  usually  within  a 
factor  of  unity.  A  few  exceptions  wera  apparent^but  orders  of 
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magnitude  deviations  were  much  less  frequent  than  In  Double  Tracks. 

(3)  Clean  Slate  II:  Deposition  contours  determined  from  Arcs 
,B  to  L  deposition  films  and  aluminum  collectors  are  consistent  with 

alpha  survey  readings.  Deposition  data  from  Arcs  E  and  F  showed 
moderate  activity  outside  the  contour  at  stations  014  and  090 res¬ 
pectively.  Activity  data  from  the  Casella's  and  Andersen's  resem- 
bled  that  of  the  Clean  Slate  1  event.  Also^uranlum-to-plutonlum 
ratios  were  similar  to  those  of  Clean  Slate  I.  Radlochemlcal-to— 
field  monitor  plutonium  ratios  were  similar  to  Clean  Slate  I. 

(4)  Clean  Slate  m:  Deposition  contours  were  determined 
from  Arcs  B  to  L  deposition  films  and  were  consistent  with  alpha 
survey  readings.  Moderate  activity  appeared  outside  the  con¬ 
tour  on  Arc  B  as  far  as  Station  100.  The  Casella  and  Andersen 
data  followed  the  pattern  of  Clean  Slate  I  and  n. 

Uranlum-to-plutonlum  ratios  were  similar  to  those  of  Clean 
Slate  I  and  II.  Radlochemlcal-to-fleld  monitor  plutonium  ratios 
were  consistent  within  a  factor  of  five  of  unity,  except  In  Arcs  E  to 
L  and  some  sotl  fractions,  both  of  which  contained  values  rang¬ 
ing  from  2  tc  500. 

3.4  MISCELLANEOUS  DATA 

Estimated  Activity  Expenditure:  Table  E.8  contains  a 
data  listing,  by  arc  location,  of  estimated  plutonium  activity 

losses  of  project  2.8C  "A"  samples.  "A"  samples  refer  to  those 

Casella's  and  Andersen's  whose  first  and  second  stages  were  com¬ 
bined  for  particulate  analyses  and  later  transferred  to  this  projact 
for  radiochemical  analysts.  Therefore,  to  obtain  a  better  value  for  the 
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"A"  samples, each  value  In  Table  E.8  should  be  added  to  its  counter¬ 
part  In  Tables  E.l  to  E.5. 

Distilled  Water  Samples:  Tables  E.9  through  E.ll  contain  the  pluton¬ 
ium  and  uranium  data  for  the  distilled  watir  samples.  Tables  are  lis¬ 
ted  by  event  and  data  by  arc  location.  All  Pu  values  are  given  as 
dpm/total  sample  volume.  In  general,  leach  filtrate  values  decreased 
with  successive  leaches  except  for  the  last  leach  which  spanned  a 
greater  time  period.  Particularly  Interesting,  with  mspect  to  pluton¬ 
ium  solubility,  are  the  high  values  for  aliquots  in  which  Pu  was  ex¬ 
tracted  at  neutral  pH.  The  residues  of  five  glass  bottles  In  which 
water  samples  were  stored  were  found  to  cor  .sin  1  to  22%  of  the  ecttvlty 
of  the  original  contents. 

Tracer  Standardization:  Table  r.12  lists  the  results  of  Isotopic 
dilution  and  exhaustive  plating  analyses  of  solutions  containing  Pu- 
239  and/or  Pu-236.  Good  agreement  <mong  analyses  Is  apparent 
from  the  standard  deviation  column. 

3.S  CONTROL  DATA 

Biological:  Table  E.13  contains  Roller  Coaster  plutonium  quality 
control  data  listed  by  Rochester  collection  number  with  correspond¬ 
ing  TLW  analysis  number.  All  the  data  are  repotted  as  dpm 
Pu-239,  240/total  sample.  Also  included  are  yield  and  counting 
time  for  each  analysis.  The  samples  were  blanks  or  talked  sam¬ 
ples,  and  the  data  indicate  the  latter  since  few  show  less  than 
99  dpm/total  sample . 

Table  E.  14  contains  TLW  Internal  plutonium  and  uranium  qual¬ 
ity  control  data  listed  by  TLW  analysis  number  and  sample  type. 

All  the  data,  excepting  three  Pu  values,  are  near  the  detection 
limits  of  the  measuring  instrument.  The  base  values  for  the  three 
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exceptions  show  less  than  1  cpnt  and  are  not  considered  significant. 
Simulated  blanks  of  beef  liver  and  hamburger  were  analyzed,  early 
in  the  program,  for  plutonium  content  and  found  tc  contain  less 
than  1  dpm.  The  data  was  not  recorded  since  It  provided  little 
useful  information. 

Physical :  Table  E.15  contains  Roller  Coaster  plutonium  control 
data  listed  by  arc  location  with  corresponding  TLW  collection  and 
analysis  number.  All  values  are  the  results  of  investigation  of 
sample  aliquoting  by  partial  dissolution -extraction  methods  or 
analyses  of  solutions  forwarded  by  the  Roller  Coa  st<- :  v",  .?,* sree  team. 
All  the  data  are  reported  as  dpm  Pu-239,  240/total  sample  for  soil 
samples  and  dpm/ml  for  solutions.  Partial  dissolution  would  ap¬ 
pear  to  a  valid  procedure  based  on  the  small  amounts  of  activity 
left  in  the  residue.  The  solution  activity  range  from  0.01  to 

4.64  x  103  dpm/ml. 

Table  E.16  contains  TLW  internal  plutonium  and  uranium  qual¬ 
ity  control  data  listed  by  TLW  analysis  number  and  sample  type. 

All  the  laboratory  blanks  were  near  the  detection  limits  of  the  meas¬ 
uring  instrument.  Analysis  of  a  sample  (previously  analyzed  in  our 
mass  spectrometer)  for  Pu-239,  240  content,  using  our  low  and 
high  level  Pu-236  standards,  reconfirmed  the  Pu-236  standardiza¬ 
tion  values.  Mass  spec  values  are  given  for  comparison  in  the 
remarks  column. 

3 . 5  DATA  SUMMATION 

Biological:  Table  E.17  contains  a  tabulation  of  all  the  btologl- 
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cal  analyses.  Data  are  listed  by  animal  and  tissue  type.  A  total 
of  744  plutonium  and  87  uranium  analyses  had  been  performed  at 
the  conclusion  of  the  project. 

Physical :  Table  E.  18  contains  a  tabulation  of  all  the  physical 
analyses.  Data  are  listed  by  event  and  sample  type.  A  total  of 
2607  plutonium  and  S98  uranium  analyses  had  been  performed  at  - 
the  conclusion  of  che  project. 
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CHAPTER  4 

CONCLUSIONS  AND  LABORATORY  RESULTS 
4.1  CONCLUSIONS 

The  conclusions  on  the  data  generated  In  5. 2/5. 3b  protects  are 
limited  tc  sample  processing  and  surface  Inspection  of  the  results, 
since,  In  regard  to  the  latter,  It  Is  the  function  of  the  evaluation 
team  to  Interpret  the  significance  of  the  data.  The  following  are 
applicable  to  our  projects: 

(1)  All  samples  received  for  analysis  have  been  inventoried 
and  accounted  for. 

(2)  Adequate  procedures  for  sample  processing  and  accurate 
analysis  were  developed. 

(3)  Facilities  and  personnel  were  fully  utilized  to  maintain 
the  desired  production  schedule, 

(4)  The  requirements  of  the  referee  team  were  not  unduly  res¬ 
trictive  and  have  been  met  in  most  instances. 

(5)  Tracer  techniques  were  employed  and  found  to  be  highly 
satisfactory. 

(is)  Most  of  the  plutonium  in  the  tissue  biological  samples 

was  concentrated  In  the  G.  I.  Tracts  of  the  dogs  and  lungs  of  the 

burros.  Metabolism  samples  from  sheep  eliminations  ranged  from 
1  4 

approximately  10  to  10  dpm  per  sample, 

(7)  Double  Tracks  animals  showed  higher  Pu  content  than  Clean 
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Slate  li  animals.  Only  three  sheep  lung  samples  from  Clean  Slate  II 
contained  appreciable  amounts  of  plutonium. 

(8)  Plutonium  data  of  the  physical  samples  ts  fairly  consist¬ 
ent  with  that  of  alpha  field  surveys  and  field  monitor  values  with 
some  deviations  noted. 

(9)  Uranium  values  are  erratic  In  some  instances  and  do  not 
necessarily  follow  the  plutonium  values. 

(10)  Casella  and  Andersen  samples  are  fairly  consistent  In 
showing  an  activity  decrease  with  successive  stages.  Deviations 
are  occasionally  noted  in  the  second  and  third  stages  where  values 
are  higher  than  expected. 

4 . 2  LABORATORY  RESULTS 

The  results  listed  below  pertain  to  our  laboratory  experiment 
with  the  biological  and  physical  samples.  Several  Improvements 
were  made  and  others  are  suggested, 

(1)  Biological  samples  were  difficult  to  Identify  since  fluids 
from  the  animal  had  often  obscured  the  writing  on  the  paper-type 
tag.  The  sample  should  be  doubly  wrapped  In  poly  bags  by  sealing 
the  sample  in  one  bag  and  covering  with  another.  The  outside  bag 
should  then  be  labeled  witi.  a  Dymo  punch.  The  double  bag  would 
also  prevent  samples  from  freezing  together,  necessitating  complete 
thawing  before  processing. 

(2)  Many  of  the  samples  were  heavy  In  Iron  content  and  a  rap¬ 
id  method  for  removing  this  element  was  needed.  Experiments  with 
a  nitrated  ion-exchange  column  resulted  In  a  procedure  superior  to 
hexone  extraction  in  all  phases. 
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(3)  Tho  large  biological  samples  usually  required  a  lengthy 
thawing  period  before  they  could  be  cut,  even  with  an  electric  knife. 

It  is  desirable  to  eliminate  the  thawing  process  entirely  since  It  con¬ 
sumes  an  analyst's  time;  a  special  heating  setup  Is  required,  spread 
of  contamination  is  a  risk,  and  overpowering  odors  develop.  An  elec¬ 
trically  heated  knife  is  now  on  the  market  and  all  reports  indicate  It 
would  cut  the  frozen  samples  easily. 

(4)  The  urine  samples  were  collected  on  Klmpac^which  con¬ 
tained  large  amounts  of  dirt.  The  dirt  6eems  to  have  an  affinity  for 
the  plutonium  in  the  urine,  and  extraction  procedures  had  to  be  em¬ 
ployed  to  obtain  a  good  yield.  A  method  of  collection  to  eliminate 
the  dirt  would  be  desirable. 

(51  Several  samples  had  to  be  reworked  to  obtain  better  yields. 
At  first,  all  the  tailings  were  scavenged  for  missing  plutonium^  how¬ 
ever,  experience  showed  95%  of  this  activity  was  always  In  the 
aqueous  discard  of  the  first  extraction.  It  is  not  economically  feas¬ 
ible  to  spend  time  scrounging  for  the  remaining  5%, 

(6)  The  biological  samples  occupied  relatively  large  amounts 
of  space  and  had  to  be  kept  in  a  frozen  state  over  a  long  period  of 
time.  An  oversized,  walk-in  freezer,  adequately  lighted,  Is  recom¬ 
mended  for  easy  access  to  samples  and  sequential  handling. 

(7)  Fluorimetrlc  analysis  for  uranium  may  be  performed  directly 
on  the  dissolved  sample.  However,  experience  has  shown  quench¬ 
ing  occurs  if  the  sample  is  not  chemically  pure.  Three  extractions 
at  the  start,  to  remove  interfering  ions,  is  recommended. 
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(6)  Uranium,  as  plutonium,  is  lost  during  chemical  processing 
and  should  be  yielded.  Use  of  U-233  tracer,  or  analysls,lit  dupli¬ 
cate  with  one  part  containing  a  spike  of  uranium  standard  is  sug¬ 
gested.  The  latter  was  employed  in  this  project. 

(9)  Acid  dissolutions  in  large  volume  are  extremely  corrosive 
to  all  types  of  metal  hoods  and  exhaust  systems.  Even  coating  the 
metal  with  an  acid  resistant  paint  is  only  a  temporary  cure.  Several 
other  types  of  hoods  and  blowers  have  been  investigated  since  the 
start  of  the  project,  and  a  polypropylene  system  with  an  internal 
scrubber  appears  to  offer  the  best  performance.  Resistance  to  nor¬ 
mal  hot  plate  temperatures  and  all  acids,  including  HCIO^,  is  touted 
by  vendors  of  these  hoods  and  blowers.  The  scrubber  system  is 

needed  to  remove  noxious  acid  fumes  and  to  wash  out  potentially  ex¬ 
plosive  collections  of  nitrate  and  perchlorate  dust  mixtures.  A 

movable  safety  shield  should  be  installed  in  each  hood,  wit ,  above 

normal  ventilation,  to  remove  the  copious  quantities  of  acid  fume* 
being  generated. 

(10)  Near  the  midpoint  of  the  project  a  computer  program  was  de¬ 
veloped  to  incorporate  adu.tionai  information  such  as  samples;  yields, 
counting  times,  etc.  This  method  of  reporting  provided  for  rapid  trans- 
senption  of  new  data  to  tabular  form,  reducing  the  delays  of  typing, 
proofreading,  and  copying.  It  is  recommended  to  institute  the  com¬ 
puter  program  at  the  start  to  save  the  typing  effort, 

(11)  The  bonus  benefit  of  the  cupferron  -  CHClj  portion  of 
partial  dissolution  procedures  may  be  its  application  to  water  and 
urine  analyses  .The  cupferron  -  CHCI3  extraction  process, primarily  in¬ 
dependent  of  sample  pH,  may  be  the  best  method  for  determining  solu¬ 
ble  plutonium  content  of  a  water-algae-dirt  solution. 
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(12)  The  quality  of  the  plated  sample  is  extremely  important  to 
the  validity  of  the  data.  A  plate  which  has  a  scum  on  it,  ts  bent, 
scordhed,  or  scratched  may  distort  the  alpha  spectrum  to  a  pointwhere 
the  results  are  marginal.  In  addition  to  the  radiochemical  purification 
techniques  mentioned  earlier,  it  was  determined  that  good  plate  qual¬ 
ity  most  often  resulted  from  proper  flaming.  The  plate  should  be  thor¬ 
oughly  washed  with  triple  distilled  H2O  and  flamed  at  high  temperature 
over  a  Fischer  burner  for  two  minutes  and  the  process  repeated  once. 
Flaming  with  methanol  is  not  desirable^as  it  will  sometimes  produce 
plates  with  a  white  scum, 

(13)  Dissolution  of  the  biological  samples  as  rapidly  as  pos¬ 
sible  is  recommended  since  freezer  failure  Is  always  a  possibility. 
Samples  can  be  stored  for  purification  at  a  later  date, 

(14)  In  future  projects  of  this  type,  it  might  be  expedient  to 
analyze  biological  samples  in  order  of  animal  number  and  physi¬ 
cal  samples  by  arc  location.  This  should  reduce  the  nany  man 
hours  that  were  expended  in  cross  referencing  animal  numbers  and 
arc  locations  with  TLW  field  and  analysts  numbers . 

(15)  Near  the  end  of  the  project  an  opportunity  arose  to  com¬ 
pare  plutonium  spectra  of  platinum  with  stalnless-steel-mounted 
samples.  Two  hundred  stainless  steel  plutonium  mounts  were 
counted,  using  coll.mation  and  a  plutonium  standard  mounted  on 
stainless.  In  general,  the  stainless  mounts  showedwell  defined 
peaks  but  a  broader  base, indicating  a  loss  of  resolution.  Also, 
tne  Pu-236  and  Pu-239  alpha  peaks  of  the  stainless  samples  oc¬ 
curred  at  a  lower  energy,  showing  a  3  to  7  channel  shift  downward 
for  each  Isotope. 
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(16)  The  final  measurement  In  the  radiochemical  analysis 
for  Pu-23$vls  taken  from  the  alpha  spectrum  of  the  electrodeposl- 
ted  sample.  The  sample  Pu-239  and  Pu-238  activity  must  be 

matched  to  the  Pu-236  tracer  to  prevent  Interference  between 
peaks . 

In  tracer  techniques  for  Pu-239  analysis,  the  accuracy  of  the 
results  are  only  as  accurate  as  the  standardization  of  the  Pu-236 
tracer .  It  Is  recommended  that  the  value  of  cpm  per  dpm  per  unit 
volume  of  tracer  be  accurately  and  precisely  determined,  for  the 
detector  to  be  used  In  obtaining  alpha  spectra  of  the  final  sample 
plates.  It  Is  also  recommended  r^et  specifications  be  set  up  for 
quality  control  and  preventative  maintenance  procedures  for  the 
detector  and  electronic  equipment;  and  methods  of  spectra  Inter¬ 
pretation,  These  should  be  rigidly  designed  to  assure  good  resolu¬ 
tion  of  the  alpha  puaks.  Detector  backgrounds  should  be  rigidly 
controlled  at  a  predetermined  level  by  frequent  detector  background 
runs  and  limiting  the  total  amount  of  activity  allowed  in  the  de¬ 
tector.  Recounting  or  rework  of  the  sample  should  be  done,  as 
required,  to  adhere  to  the  specifications. 
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•  Total  Air  Soaplara  •  34  i 

A  Cascade  Iopaetora  -  25  j 

V  Sticky  Plataa  -  40 

Figure  A.2  Fixed  svrface  instrument  array  (-2,000  to  +  2,500  feet). 
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✓ 


Figure  A. 3  Fixed  surface  instrument  array  (+  2,500  to  +  50,000  feet). 
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Outer  Licit* 
of  Vast  Array 


Event 

Array  Extant 

DT  (Open) 

50,000' 

CS1  (Open) 

35,000' 

CS2  (2 ’Cover) 

17,500* 

CS3  (8’Cover) 

17,500' 

ir 


02 


Total  Inatrumantation: 

a  Total  Air  Sanplarc  -  99 
A  Caaalla  W  XI  Cascade 


lapaetora  -  90 
o  Other  lapaetora  -  90 


Not*: 

Samplers  at  1  1/2°  Spacing 
on  all  Laasa  Shown 


Figure  A.4  Movable  surface  instrument  array  (+  2,500  to  +  50,000  feet). 
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Figure  A. 5  Movable  balloon-supported  instrument  array- 
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Caacada  lopactor*  -  60 
o  Total  Alt  Saaplara  -  33 
-  Sticky  Cylinder*  -  744 


Ground  uUl 
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Figure  A. 7  Details  of  balloon  curtain  at  19,000-foot  radius  (never  operable}. 


Figure  A.8  Details  of  balloon  curtain  at  50,000-foc  t  radius 
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APPENDIX  b 

RADIOBIOLOGICAL,  RADIOCHEMICAL,  AND 
PHYSIOCHEMICAL  PROCEDURES  FOR  ?Um 
PU1*5 ,  AND  URANIUM  IN  VARIOUS  SAMPLES 

Pu-  £39  DISSOLUTION  PROCEDURE _ CASELLA 

””  IMPACTOR  DISC*  ' 

1.  Place  Caseiia  impactor  «laas  disc  in  an  appropriate  size  teflon  beaker  (Note  a). 

a.  If  the  sample  monitors  <4000  alpha  cpm.  add  Pu-236  tracer  aliquot 
before  adding  sample.  If  >4000  alpha  cpm,  the  dissolut.on  is 
done  tracer  free,  the  solution  diluted  to  an  accurate  volume  to 
obtain  a  final  acidify  of  6NHNO3.  a  small  aliquot  i,  pipetted  into  a 
40ml  centrifuge  cone,  and  an  appropriate  amount  of  tracer  is  added. 

2.  Add  enough  fuming  HNO3  to  wet  all  of  the  sample.  Heat  on  a  hot  plate 

until  the  sample  lias  dissolved. 

3.  Remove  from  hot  plate  and  add  about  6  ml  78  percent  HCIO4  for  every 
100  ml  fuming  HNO3  added  in  step  2.  Heat  on  hot  plate  until  exothermic 
reaction  begins.  Remove  beaker  from  hot  plate  and  allow  reaction  to 
proceed,  controlling  it  by  the  addition  of  1  to  10  ml  portions  of  fuming  HNO3, 
pouring  acid  carefully  down  wall  of  beaker  (note  b). 

b.  At  times  the  reaction  ceases  and  the  solution  turns  black.  This  is 
caused  by  the  supply  of  fuming  HN03  becoming  exhausted  and  is 
remedied  by  addition  of  more  acid. 

4.  Remove  the  glass  disc  with  teflon  forceps  and  rinse  with  IN  HNO  - 

1NHF  adding  washings  to  teflon  beaker  (note  c). 

C.  If  a  white  residue  remains  on  the  disc,  rinse  twice  more  with  the 
—  HN03'  ~  HF  solution  adding  washings  to  teflon  beaker.  If  the 
sample  does  not  contain  any  insoluble  material  at  this  point  omit 
steps  5  through  8. 

5.  Add  10  ml  HF  and  evaporate  to  wet  dryness.  Do  not  allow  sample  to 

bake  dry  at  any  time  during  the  procedure.  If  sample  contain,  appreciable 
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Pu-239  DISSOLUTION  PROCEDURE 


CASELLA  (2) 
1MPACTOR  DISC* 


amounts  of  dirt,  repeat  HF  treatment  at  least  once, 
fa.  Add  4  ml  saturated  H3BO3  and  boil  for  3  minutes. 

7.  If  residue  remains,  wash  with  portions  of  warm  6N  HNOj  until  it  dissolves. 

8.  Transfer  any  undiasolved  residue  to  the  teflon  beaker  quantitatively 
with  HNO^  washes  and  repeat  steps  5,  6j and  7. 

9.  Transfer  the  solution  to  a  40-ml  centrifuge  cone  and  proceed  with  step 
1  Pu-239  Purification  Procedure. 


*  If  uranium  analysis  is  required,  transfer  the  sample,  after  dissolution, 
into  an  appropriate  volumetric  flask  and  dilute  carefully  to  the  mark  with 
H^O.  Pipct  an  appropriate  aliquot  into  a  centrifuge  cone  and  save  for 
uranium  analysis.  Evaporate  the  remainder  of  the  volumetric  solution  to 
low  volume,  transfer  to  a  40-ml  centrifuge  cone,  and  proceed  with  step  1 
Pu-239  Purification  Procedure. 
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Pa-239  DISSOLUTION  PROCEDURE 


AIR 


FILTER* 

1*  Place  the  sample  or  aliquot  in  a  suitably  sized  pyrex  beaker  (note  a) 
or  teflon  beaker  if  sample  is  small. 

a.  If  the  sample  monitors  <4000  alpha  cpm,  add  Pu-236  tracer 
aliquot  before  adding  sample.  If  >4000  alpha  cpm,  the  dis¬ 
solution  is  done  tracer  free,  the  solution  diluted  to  an  accurate 
volume  to  obtain  a  final  acidity  of  6N  HNO^  a  small  aliquot  is 
pipetted  into  a  40  ml  centrifuge  cone,  and  an  appropriate  amount 
of  tracer  is  added. 

2.  Add  enough  fuming  HNO^  to  wet  all  of  the  sarTple.  Heat  on  a  hot  plate 
until  the  sample  has  dissolved. 

3.  Remove  and  add  about  10  ml  7  8  percent  HCIO^  for  every  100  ml  fuming 
HNO^  added  in  step  2.  Heat  on  hot  plate  until  an  exothermic  reaction 
begins.  Remove  beaker  from  hot  plate  and  allow  reaction  to  proceed, 
controlling  it  by  the  addition  of  I  to  10  nil  portions  of  fuming  HNO^,  pouring 
acid  carefully  down  wall  of  beaker  (note  b). 

b.  At  times  the  reaction  ceases  and  the  solution  turns  black.  This 
is  caused  by  the  supply  of  fuming  HNO^  becoming  exhausted  and 
is  remedied  by  addition  of  more  acid. 

4.  Transfer  the  contents  of  the  beaker  to  a  teflon  beaker  (note  c)  by  means 
of  a  transfer  pipet.  Wash  the  beaker  with  several  6N_  HNO^  washes, 
scrubbing  the  sides  and  bottom  with  a  polyethylene  policeman.  Perform 
at  least  two  washes  with  3-ml  aliquots  of  IN  HNO^  -  1N_  HF. 

<t.  If  started  in  teflon,  omit  step  4  but  add  a  few  ml  HNO^.  If  the 
sample  does  not  contain  any  insoluble  material  at  this  point, 
omit  steps  5  through  8. 

5.  Add  10  ml  HF  and  evaporate  to  wet  dryness.  Do  not  allow  sample  to 
bake  dry  at  any  time  during  the  procedure.  If  sample  contains  appreciable 
amounts  of  dirt,  repeat  HF  treatment  at  least  once. 

6.  Add  4  ml  saturated  H^BO^  and  8  ml  HNO^  and  boil  for  3  minutes. 

7.  If  residue  remains,  wash  with  portions  of  warm  6_N_  HNO^  until  it  dissolves. 
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Pu-2J9  DISSOLUTION  PROCEDURE 


AIR  (2) 
FILTER 


8.  Transfer  any  undissolved  residue  to  the  teflon  beaker  quantitatively 
with  HNOj  washes  and  repeat  steps  5,  6,  and  7. 

9.  Transfer  the  solution  to  a  40-ml  centrifuge  cone  and  proceed  with  step  1 
Pu-239  Purification  Procedure. 


*  If  uranium  analysis  is  required,  transfer  the  sample,  after  dissolution,  into 
an  appropriate  volumetric  flask  and  dilute  carefully  to  the  mark  with  H^O. 

Pipot  an  appropriate  aliquot  into  a  centrifuge  cone  and  save  for  uranium  analysis. 
Evaporate  the  remainder  of  the  volumetric  solution  to  low  volume,  transfer  to  a 
40-mi  centrifuge  cone,  and  proceed  with  step  1  Pu-239  Purification  Procedure. 
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P  g  -  9  DISSOLUTION  PROCEDURE _ ANDERSEN _ 

SAMPLER  DISC* 

1.  Place  Andersen  •ampler  glass  disc  in  an  appropriate  atae  teflon  b'-a> e r 
(Note  a). 

a.  If  the  umple  monitor*  C4000  alpha  cpm,  add  Pu-239  tracer  aliquot 
before  adding  (ample.  If  ^4000  alpha  cpm,  the  dissolution  is  done 
tracer  free,  the  solution  diluted  to  an  accurate  volume  to  obtain 

a  final  acidity  of  6J9  HNOy  a  small  aliquot  is  pipetted  into  a  40-ml 
centrifuge  cone,  and  an  appropriate  amount  of  tracer  is  added. 

Z.  Add  enough  fumin  r  40  ,  to  wet  all  of  the  sample.  Heat  on  a  hot  plate 
until  the  sample  has  dissolved. 

3.  Remove  from  hot  plate  and  add  about  6  mi  78  percent  HCIO^  for  every 
100-ml  fuming  HNO^  added  in  step  Z.  Heat  on  hot  plate  until  exothermic 
reaction  begins.  Remove  beaker  from  hot  plate  and  allow  reaction  to 
proceed,  controlling  it  by  the  addition  of  1  to  10  ml  portions  of  fuming  HNOy 
pouring  acid  carefully  down  wall  of  beaker  (note  b). 

b.  At  time*  the  reaction  ceases  and  the  solution  turns  black.  This  is 
caused  by  the  supply  of  fuming  HNO^  becoming  exhausted  and  is 
remedied  by  addition  of  more  acid. 

4.  Remove  the  glass  disc  with  teflon  forceps  and  rinse  with  IN  HNO^  - 
111  HF  adding  washings  to  teflon  beaker  (note  c). 

c.  If  a  white  residue  remains  on  the  disc,  rinse  twice  more  with  the 
l£J  HNOj  -  lhl  HF  solution  adding  washings  to  teflon  beaker.  If  the 
sample  does  not  contain  any  insoluble  material  at  this  point  omit 
steps  5  through  8. 

5.  Add  lOrnl  HF  and  evaporate  to  wet  dryness.  Do  not  allow  sample  to 
bake  dry  at  any  time  dur-ng  the  procedure.  If  sample  contains  appreciable 
amounts  of  dirt,  repeat  HF  treatment  at  least  once. 

6.  Add  4  ml  saturated  H^BO^  and  8  ml  HNO^  and  boil  for  three  minutes. 

7.  If  residue  remains,  wash  with  portions  of  warm  Aqua  Regia  until  it  dissolves. 
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Pu-33<>  DISSOLUTION  PROCEDURE 


ANDERSEN _ {Jj_ 

SAMPLER  DISC 


d.  Transfer  any  undissolved  residue  to  the  teflon  beaker  quantitatively  with 
HNO^  washes  and  repeat  steps  S,  6,  and  7. 

9.  Transfer  the  solution  to  a  40  ml  centifuge  cone  and  proceed  with  step  1 
Pu-239  PURIFICATION  PROCEDURE  . 


*  If  uranium  analysis  is  required,  transfer  the  sample,  after  dissolution,  Into 
an  appropriate  volumetric  flask  and  dilute  carefully  to  the  mark  with  H.O.  Pipet 
an  appropriate  aliquot  into  a  centrifuge  cone  and  save  for  uranium  analysis.  Evap 
orate  the  remainder  of  the  volumetric  solution  to  low  volume,  transfer  to  a  40-ml 
centrifuge  cone,  and  proceed  with  step  1  Pu-239  PURIFICATION  PROCEDURE. 
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Pu - 239  DISSOLUTION  PROCEDURE 


TOTAL  AIR 
SAMPLE*  • 


1.  ’Place  the  sample  or  aliquot  in  a  suitably  sued  pyrex  beaker  (note  a) 

or  teflon  beaker  if  sample  is  small. 

a.  If  the  sample  monitors  <4000  alpha  cpm,  add  Pu-236  tracer  ali¬ 
quot  before  adding  sample.  If  >4000  alpha  cpm.  the  dissolution 
is  done  tracer  free,  the  solution  diluted  to  an  accurate  ■•olume  to 
obtain  a  final  acidity  of  6N  HNOj  a  small  aliquot  is  pipetted  into 
a  4CVml  centrifuge  cone,  and  an  appropriate  amount  of  tracer  is 
added. 

2.  Add  1/3  volume  fuming  HNOy  boil  to  dryness,  and  char.  Repeat  until 
only  small  amount  of  carbon  is  left  (the  sample  will  dissolve  but  not  de¬ 
compose  in  fuming  HNO^)* 

3.  Remove  from  hot  plate  and  add  about  6  ml  78  percent  HClO^  for  every 
10O-ml  fuming  HNO^  added  in  step  2.  Heat  on  hot  plate  until  exothermic 
reaction  begins.  Remove  beaker  from  hot  plate  and  allow  reaction  to 
proceed,  controlling  it  by  the  addition  of  1  to  10  ml  portions  of  fuming 
HNO^.  pouring  acid  carefully  down  wall  of  beaker  (note  b). 

b.  At  times  the  reaction  ceases  and  the  solution  turns  black.  This 
is  caused  by  the  supply  of  fuming  HNO^  becoming  exhausted  and 
is  remedied  by  addition  of  more  acid. 

4.  Transfer  the  contents  of  the  beaker  to  a  teflon  beaker  (note  c)  by  means 

of  a  transfer  pipet.  Wash  the  beaker  with  several  HNO^w***»es,  scrub 
bing  the  sides  and  bottom  with  a  polyethylene  policeman..  Perform  at 
least  two  washes  with  3-rol  aliquots  of  l.Jj  HNO^  ~  HF 

c.  If  started  in  teflon,  omit  step  4  but  add  a  few  ml  HNO^-  If  tb* 
sample  does  not  contain  any  insoluble  material  at  this  point,  omit 
steps  5  through  8. 
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Pu-239  Dissolution  Procedure 


TotalAir  (2) 
Sampler 


5.  Add  10  ml  HF  and  evaporate  to  wet  dryness.  Do  not  allow  sample  to 

bake  dry  *t  any  time  during  the  procedure.  If  sample  contains  appreciable 
amounts  of  dirt,  repeat  HF  treatment  at  least  once. 

6.  Add  4  ml  saturated  H^BOj  and  8  ml  HNO^  and  boil  for  3  minutes. 

7.  If  residue  remains,  wash  with  portions  of  nrarm6N  HNO_j  until  it  dissolves. 

8.  Transfer  any  undissolved  residue  to  the  teflon  beaker  quantitatively 
with  HNO^  washes  and  repeat  steps  5,  6,  and  7. 

9.  Transfer  the  solution  to  a  40- ml  centrifuge  cone  and  proceed  with  step 
1  Pir£39  Purification  Procedure. 


*  If  uranium  analysis  is  required,  transfer  the  sample,  after  dissolution,  into 
an  appropriate  volumetric  flask  and  dilute  carefully  to  the  mark  with  H^O. 

Pipct  an  appropriate  aliquot  into  a  centrifuge  cone  and  save  for  uranium  analysis. 
Evaporate  the  remainder  of  the  volumetric  solution  to  low  volume,  transfer  to  a 


40- 


—  1  - I  — - i  - :sL  -a _ 

wv**v  s  «*s-va  pt  wvcvw  » lilt  W  4«p 
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Pu-239  DISSOLUTION  proctdithf 


TOTAL  AIR  DISPOSABLE 


SAMPLER  • 

PUce  the  sample  or  aliquot  in  a  suitably  sized  pyrex  beaker  (note  z) 
or  teflon  beaker  if  aample  ia  a  mall. 

a.  If  the  sample  monitors  <  4000  alpha  cpm,  add  Pu-236  tracer 
aliquot  before  adding  sample.  If  >4000  alpha  cpm,  the  dis¬ 
solution  is  done  tracer  free,  the  solution  diluted  to  an  accurate 
volume  to  obtain  a  final  acidity  of  6_N  HN03  a  small  aliquot  is 
pipetted  into  a  40ml  centrifuge  cone,  and  an  appropriate  amount 
of  tracer  is  added. 

Add  1/3  volume  fuming  HNOj.  Boil  on  a  hot  plate  to  dryness  and  .char. 
^ePe*t  once  and  take  up  in  1/3  volume  fuming  HNO^. 

Remove  from  hot  plate  and  add  about  10  ml  78  percent  HC104  for 
every  100  ml  fuming  HNO^  Heat  on  hot  plate  until  an  exothermic 
reaction  begins.  Remove  beaker  from  hot  plate  and  allow  reunion 
to  proceed,  controlling  it  by  the  addition  of  1  to  10  ml  pnrtinw^  of 
fuming  HN03.  pouring  acid  carefully  down  wall  of  beaker  (note  b). 

^ ^  times  the  reaction  ceases  and  the  solution  turns  bla^k. 

This  is  caused  by  the  supply  of  fuming  HNO^  becoming 
exhausted  and  can  be  remedied  by  addition  of  more  acid. 

After  the  reaction  has  subsided,  add  5  ml  H^SO^  and  10  ml  HN03> 

Boil  to  wet  dryr.ess  and  repeat.  Take  up  with  10  mi  fuming  HNO-. 
Repeat  the  evaporation  and  take  up  with  another  10  ml  of  fuming 
HNC>3.  Boil  solution  to  approximately  5  mi  (note  c). 

c.  If  insoluble  sulfates  are  present  transfer  solution  to  a 

centrifuge  cone  and  centrifuge.  Save  the  tupernate  and  wash 
residue  with  6N  HC1.  Add  the  washings  to  the  supernatc. 
Discard  the  residue. 

Transfer  the  contents  of  the  beaker  to  a  teflon  beaker  (note  d)  by 
means  of  a  transfer  pipet.  Wash  the  beaker  with  several  6N  HNO, 
washes,  scrubbing  the  sides  and  bottom  with  a  polyethylene  policeman 
Perform  at  least  two  washes  with  3  ml  aliquots  of  1JN  HNC>3  -  1H  HF. 
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Pu-239  DISSOLUTION  PROCEDURE 


TOTAL  AIR  DISPOSABLE,  yl) 
SAMPLER  * 

<1.  If  started  in  teflon,  omit  step  5  but  add  a  few  ml  HNO  j. 

If  the  sample  does  not  contain  any  insoluble  material  at 
this  point,  omit  steps  6  through  9. 

6.  Add  10  ml  HF  and  evaporate  to  wet  dryness.  Do  not  allow  sample 
to  bake  dry  at  any  time  during  the  procedure.  If  sample  contains 
appreciable  amounts  of  dirt,  repeat  HF  treatment  at  least  once, 

7.  Add  4  ml  saturated  H^BO^  and  8  ml  HNO ^  and  boil  for  3  minutes. 

8.  If  residue  remains,  wash  with  portions  of  warm  6N  HNO^  until  it 
dissolves. 

9.  Transfer  any  undissolved  residue  to  the  teflon  beaker  quantitatively 
with  HNO ^  washes  and  repeat  steps  6,  7,  and  8. 

10.  Transfer  the  solution  to  a  40-ml  centrifuge  cone  and  proceed  with 
step  1  Pu-239  Purification  Procedure. 


*  If  uranium  analysis  is  required,  transfer  the  sample,  after  dissolution, 
into  an  appropriate  volumetric  flask  and  dilute  carefully  to  the  mark  with 
H^O.  Pipet  an  appropriate  aliquot  into  a  centrifuge  cone  and  save  for 
uranium  analysis.  Evaporate  the  remainder  of  the  volumetric  solution  to 
low  volume,  transfer  to  a  4C-ml  centrifuge  cone,  and  proceed  with  step  1 
Pu~239  Purification  procedure. 
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Pu-239  DISSOLUTION  PROCEDURE 


SEQUENTIAL 
Aik  SAMPLE  ST* 


1.  Place  the  sample*or  aliquot  in  a  auitably  aired  pyrex  beaker  (note  a) 
or  teflon  beaker  if  sample  is  small. 

If  the  sample  monitors  ^4000  alpha  cpm.add  Pu-23f»  tracer  aliquot 
before  adding  sample.  If  ^4000  alpha  cpm,  the  disfolution  is 
done  tracer  free,  the  solution  diluted  to  an  accurate  volume  to 
obtain  a  final  acidity  of  6N  HNOj  a  small  aliquot  is  pipetted  into  a 
40-ml  centrifuge  cone,  and  an  appropriate  amount  of  tracer  ie 
added. 

2.  Add  enough  fuming  HNO-j  to  wet  all  of  the  sample.  Heat  on  a  hot  plate 
until  the  sample  has  dissolved. 

3.  Remove  from  hot  plate  and  add  about  6  ml  78  per  cent  HCIO^  for  every 
100  ml  fuming  HNOj  added  in  step  2.  Heat  on  hot  plate  until  exothermic 
reaction  begins.  Remove  beaker  from  hot  plate  and  allow  reaction  to 
proceed,  controlling  it  by  the  addition  of  1  to  10  ml  portions  of  fuming  HNO3, 
pouring  acid  carefully  down  wall  of  beaker  (note  b). 

b.  At  times  the  reaction  ceases  and  the  solution  turns  black.  This  is 

caused  by  ths  supply  c£  fun'in^  sxh*u§t?d  »nd  i§ 

remedied  by  addition  of  more  acid. 

4.  Transfer  the  contents  of  the  beaker  to  a  teflon  beaker  (note  c)  by  means 

of  a  transfer  pipet.  Wash  the  beaker  with  several 6N  HNO3  washes,  scrubbing 
the  sides  and  bottom  with  a  polyethylene  policeman.'  Perform  at  least 
two  washes  with  3  ml  aliquots  of  1N_HNC)3  -  IN  HF. 

c.  If  started  in  teflon,  omit  step  4  but  add  a  few  ml  HNO3.  If  the  sample 
does  not  contain  any  insoluble  material  at  this  point,  omit  steps  5 
through  8. 

5.  Add  10~ml  HF  and  evaporate  to  wet  dryness.  Do  not  allow  sample  to 

bake  dry  at  any  time  during  the  procedure.  If  sample  contains  appreciable 
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Pu-239  DISSOLUTION  PROCEDURE 


SEQUENTIAL  (2) 

AIR  SAMPLER 


Amounts  of  dirt,  repeat  HF  treatment  at  least  once. 

6.  Add  4  ml  saturated  H^BO^  and  8  ml  HNO  ^  and  boil  Xor  3  mi  nut -is. 

7.  IX  residue  remains,  wash  with  portions  o X  warm  6N^  HNO^  until  it 
dissolves, 

8.  TransXer  any  undissolved  residue  to  the  teXlon  beaker  quantitatively 
with  HNO ^  washes  and  repeat  steps  5,  b)  and  7. 

9.  TransXer  the  solution  to  a  40-ml  centriXuge  cone  and  proceed  with  step 
1  Pu-239  Purification  Procedure. 


♦If  uranium  analysis  is  required,  transXer  the  sample,  aXter  dissolution,  into 
an  appropriate  volumetric  Xlask  and  dilute  careXully  to  the  mark  with  H^O. 

Pipet  an  appropriate  aliquot  into  a  centriXuge  cone  and  save  for  uranium  analysis. 
Evaporate  the  remainder  of  the  volumetric  solution  to  low  volume,  transfer  to  a 
40-ml  centriXuge  cone,  and  proceed  with  step  1  Pu-239  Purification  Procedure. 

♦♦The  sequential  tape  is  cut  into  equal  sections.  In  order  to  monitor  the  various 
sections,  unroll  the  tape  careXully  and  pass  the  exposed  side  under  a  sensitive 
lab  detector.  Record  on  the  chemical  processing  form' activity  levels  and/or 
physical  spots  on  the  tape.  Cut  the  tape  into  appropriate  sections. 
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Pa- 239  DISSOLUTION  PROCEDURE 


FILM 

DEPOSITION 


1.  Place  the  sample  or  aliquot  in  a  suitably  sized  pyrex  beaker  (note  a)  or 
teflon  beaker  if  sample  is  small. 

a.  If  the  sample  monitors  <4000  alpha  cpm,  add  Pu-236  tracer  ali¬ 
quot  before  adding  sample.  If  >4000  alpha  cpm,  the  dissolution 
is  done  tracer  free,  the  solution  diluted  to  an  accurate  volume  to 
obtain  a  final  acidity  of  6N_  HNOy  *  small  aliquot  is  pipetted  into 

a  40-ml  centrifuge  cone  and  an  appropriate  amount  of  tracer  added. 

2.  Add  3  ml  CH^OH,  ignite,  and  cover  b'  Jeer  with  a  speedy  vap.  After  burn¬ 
ing  is  completed,  cover  residue  with  fuming  HNO^  *nd  boil  to  wet  dryness. 
Repeat  the  fuming  HNO^  -  evaporation  step.  Take  up  in  approximately 
1/4  volume  fuming  HNOy 

3.  Remove  and  add  about  10  ml  78  percent  HCIO^  for  every  100  ml  fuming 
HNO^  added  in  step  2.  Heat  on  hot  plate  until  an  exothermic  reaction  be¬ 
gins.  Remove  beaker  from  hot  plate  and  allow  reaction  to  proceed,  con¬ 
trolling  it  by  the  addition  of  1  to  10  ml  portions  of  fuming  HNOy  pouring 
acid  carefully  down  wall  of  beaker  (note  b). 

b.  At  times  the  reaction  ceases  and  the  solution  turns  black.  This  is 
caused  by  the  supply  of  fuming  HNOj  becoming  exhausted  and  is 
remedied  by  addition  of  more  acid. 


4.  Transfer  the  contents  of  the  beaker  to  a  teflon  beaker  (note  c)  by  means 

of  a  transfer  pipet.  Wash  the  beaker  with  several  .6N  HNO^  Wishes,  scrub 
bing  the  sides  and  bottom  with  a  polyethylene  policeman.  Perform  at 
least  two  washes  with  3  ml  aliquots  of  1£J  HNO^  "  IN  HF  and  heat  on  hot 
plate. 

c.  If  started  in  teflon,  omit  step  4  but  add  a  few  ml  HNO^’  N  sample 
does  not  contain  any  insoluble  material  at  this  point,  omit  steps 
5  through  8. 
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Pu-239  DISSOLUTION  PROCEDURE 


FILM 

DEPOSITION  ( :v 
COLLECTOR 

5.  Add  10  ml  HF  and  evaporate  to  wet  dryness.  Do  not  allow  sample  to 
bake  dry  at  any  time  during  the  procedure.  If  sample  contains  appreciable 
amounts  of  dirt,  repeat  HF  treatment  at  least  once. 

6.  Add  4  ml  saturated  and  8  ml  HNO^  and  boil  for  3  minutes. 

7.  If  residue  remains,  wash  with  portions  of  warm  6N  HNOj  until  it 
dissolves. 

8.  Transfer  any  undissolved  residue  to  the  teflon  beaker  quantitatively 
with  HNO^  washes  and  repeat  steps  5,  6  and  7. 

9*  Transfer  the  solution  to  a  40*ml  centrifuge  cone  and  proceed  with  step 
1  Pu-239  Purification  Procedure. 


*  if  uranium  analysis  is  required,  transfer  the  sample,  after  dissolution,  into 
an  appropriate  volumetric  flask  and  dilute  carefully  to  the  mark  with  H^O. 

Pipet  an  appropriate  aliquot  into  a  centrifuge  cone  and  save  for  uranium  analysis. 

Evaporate  the  remainder  of  the  volumetric  solution  to  low  volume,  transfer 

to  a  40-ml  centrifuge  cone,  and  proceed  with  step  1  Pu-239  Purification  Procedure 
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Pu-  239  CHEMICAL  PROCEDURE 


LIQUID 


wa;er * 

A- Filte red  Aliquot 

1.  ’■’'Determine  the  pH  of  the  sample  with  a  Beckman  pH  meter. 

2.  Pipct  a  25-ml  aliquot  of  the  clear  liquid  onto  a  millipore  filter  and 
allow  the  solution  to  drain  thoroughly  into  an  appropriate  container. 

Do  not  wash  the  filter. 

3.  Pipet  1  ml  of  the  filtrate  into  a  4G-ml  centrifuge  cone  and  save,  for 
the  determination  of  uranium. 

4.  Add  an  appropriate  amount  of  tracer  to  remaining  filtrate. 

5.  Add  10  ml  HNO,  and  1  ml  HCIO.  and  boil  to  HCIO.  fumes.  Cool  and 

3  4  4 

transfer  to  a  40»ml  tube.  Proceed  with  step  1  of  Pu-239  Purification 
Procedure. 

B*Exi.racted  Aliquot 

1.  Stir  the  sample  and  pipet  a  representative  25-ml  aliquot  Into  a  16-ounce 
plastic  bottle.  Adjust  the  pH  slightly  with  NH^OH  to  offset  the  acidity 
(6N  )  of  the  tracer  in  the  next  step. 

Z.  Add  an  appropriate  amount  oi  tracer  to  the  sample  ajUqunt, 

3.  Proceed  with  step  1  of  Extraction  Procedure  using  5  ml  neutralised 
NH2OH*  HC1  and  25  ml  CHClj  portions  for  extractions. 

C-Total  Sample 

1.  Pour  sample  into  a  large  teflon  beaker  and  wash  the  container  with 
H^O  adding  washing  to  the  beaker.  Add  an  appropriate  amount  of 
tracer. 
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Pu- 239  CHEMICAL  PROCEDURE 


LIQUID 
WATER  ' 


2.  Boil  to  low  volume  and  add  150  ml  fuming  HNO^  and  25  ml  HCIO^. 

Boir'to  HClO.  fume*. 

4 

3.  Add  50  ml  fuming  HNO^  and  10  ml  HF.  Boil  to  low  volume  and  add 

1  to  2  ml  sat.  and  10  ml  HNO^.  Boil  to  approximately  5  ml  and 

transfer  to  40-ml  centrifuge  cone.  Proceed  to  step  1  of  Pu-239 
Purification  Procedure. 

D-Glass  Bottle  Decontamination 

1.  Rinse  the  container  from  Part  C,  above,  three  times  with  hot  Aqua 
Regia  and  pour  the  washing  into  a  large  teflon  beaker. 

2.  Rinse  the  bottle  with  1_N  HNO^  -  1_N  HF  adding  the  rinse  to  the  Aqua 

Regia  wastes.  Rinse  with  and  add  washes  to  beaker. 

3.  Add  an  appropriate  amount  of  tracer,  then  proceed  with  step  2,  part  C 
above. 

E-Millipore  Filter 

1.  Remove  the  milliporc  filter  from  Part  A  above,  or  Part  G  below,  care¬ 
fully  with  forceps  and  place  in  a  small  teflon  beaker.  Add  an  appropriate- 
amount  of  tracer. 

2.  Add  75  ml  of  fuming  HNO^  and  15  mi  HCIO^.  Boil  to  HGIO^  fumes  and 
proceed  with  step  3,  Part  C  above. 

F-Centriiuge  Superoate 

1,  Stir  the  sample  and  pipet  approximately  25  mliato  a  40-ml  centrifuge  cone. 
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Fu-239  CHEMICAL  PROCEDURE 


LIQUID 


WATER 

Z.  Centrifuge  and  pipe;  1  ml  of  the  supernate  onto  a  labelled  stainlcs* 

•  teel  disc  and  evaporate  to  dryness  under  a  heat  lamp. 

E  Place  in  metal  container  and  aubmit  for  2  'TT'countmg. 

G- Leached  Supernate 

1.  Stir  the  sample  and  quickly  pipet  a  25— ml  aliquot  onto  a  millipore 
filter  and  allow  the  supernate  to  drain  thoroughly  into  an  appropriate 
container. 

2.  Remove  the  filter  with  forceps,  place  in  a  beaker  containing  a  meas¬ 
ured  volume  of  0,  1_N  HC1.  Stir  intermittently  for  a  measured  period 
and  pour  the  solution  onto  a  fresh  filter  and  catch  the  filtrate  in  another 
container, 

3.  Repeat  step  2  combining  filters  for  measured  periods  up  to  48  hours. 

4.  Pipet  a  250  A  aliquot  from  each  filtrate  fraction  onto  a  labelled  stainless 
steel  disc  and  evaporate  to  dryness  under  a  heat  lamp. 

5.  Place  in  a  metal  container  and  submit  for  2JTT counting. 

6.  Pipet  a  1-mi  aliquot,  from  selected  filtrate  fractions,  into  a  40-ml 
centrifuge  cone  and  save  for  uranium  analysis. 


*lf  uranium  analysis  is  required,  transfer  the  sample,  after  dissolution, 
into  an  appropriate  volumetric  flask  and  dilute  carefully  to  the  mark  with 
H,0.  Pipet  an  appropriate  aliquot  into  a  centrifuge  cone  and  save  for 
uranium  analysis.  Evaporate  the  remainder  of  the  volumetric  solution  to 
low  volume,  transfer  to  a  40-ml  centrifuge  cone  and-proceed  with  step  1 
Pu-239  Purification  Procedure. 
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ALUMINUM 

Pu-2JQ  DISSOLUTION  PROCEDURE  (  *S  sm«.  soil! 

COixiICTOTT5 

1.  Add  sample  to  a  suitably  sited  teflon  beaker  (note  a).  Add  3Q  ml  HF  and 

10  ml  HNOy  After  initial  exothermic  reaction  haa  ceased,  ‘‘oil  to  dryness 
(or  until  spattering  starts). 

A.  If  the  sample  monitors  <.  4000  alpha  cpm,  add  tracer  aliquot 

before  adding  sample.  If  ^4000  alpha  cpm,  the  dissolution  is 
done  tracer  free,  the  solution  diluted  to  an  accurate  volume  to 
obtain  a  final  acidity  of  6NHNO3  a  small  aliquot  is  pipetted  into  a  - 
40-ml  centrifuge  cone,  and  an  appropriate  amount  of  tracer  is 
added. 

2.  Repeat  HF  treatment  until  no  change  in  the  sample  crud  is  perceived. 

3.  Add  30  ml  HCIO^,  10  ml  HNOj,  and  10  ml  HF.  Boil  to  strong  fumes 
of  HCIO^.  Remove  from  hot  plate  and  cool, 

4.  Rinse  down  the  sides  of  the  beaker  with  bNHNOj,  add  3  ml  H^BO^  and  boil 
to  low  volume.  Take  up  in  6NHNO3  and  heat  gently. 

5.  If  a  residue  is  still  present,  centrifuge,  add  20-ml  portions  of 
feNHNOj  to  residue  and  warm.  (Watch  for  bumping!)  Combine 
washings  and  supernate  if  all  residue  has  dissolved  {note  b)= 

b.  A  residue  which  persists  will  sometimes  dissolve  with  repeatea 
Hot  Aqua  Regia  treatment  (maximum  3).  If  this  treatment  fails, 
put  sample  into  a  flask  and  add  1/3  volume  fuming  HNOj.  Add 
H2O  and  shake  vigorously,  vent  ng  flask  periodically. 

6.  If  residue  still  remains,  centrifuge,  and  repeat  steps  2  through  S  on 
th  •  residue  (note  c). 

c.  A  trace  of  hard  silica  final  remains  lor  some  samples.  The  amount 
of  activity  associated  with  this  residue  was  found  to  be  insignificant. 


92 

CONFIDENTIAL 


Pu-239  DISSOLUTION  PROCEDURE  ALUMINUM  <  45  gm«  soii)(2) 

7,  Transfer  the  solution  from  step  5  to  a  centrifuge  cone  and  proceed  with  atep 
1  of  Pu-239  PURIFICATION  PROCEDURE. 


*Lf  uranium  analysis  is  required,  transfer  the  sample,  after  dissolution,  into 
an  appropriate  volumetric  flask  and  dilute  carefully  to  the  mark  with  H  O* 

Pipet  ?n  appropriate  aliquot  into  a  centrifuge  cone  and  save  for  uraniurfi  analy¬ 
sis.  Evaporate  the  remainder  of  the  volumetric  solution  to  low  volume,  trans- 
ger  to  a  40-ml  centrifuge  cone,  and  proceed  with  step  1  Pu-239  PURIFICATION 
PROCEDURE. 
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Pu-239  DISSOLUTION  PROCEDURE 


ALUM1N 
COLLECT  GRS" 


1.  Add  sample  to  a  suitably  sized  teflon  beaker.  Rinse  container  with  IN 
HNO^  -  HF  and  add  to  sample  (note  a. )  Add  20  ml  HF  for  each  5  grams  of  soil. 
After  initial  exothermic  reaction  has  ceased,  boil  to  dryness  (or  until  spatter¬ 
ing  starts). 

a.  If  the  sample  monitors  <4000  alpha  cpm,  add  Pu-236  tracer  ali¬ 
quot  before  adding  sample.  If  >4000  alph  cpm,  the  dissolution 
is  done  tracer  free,  the  solution  diluted  to  an  accurate  volume  to 
obtain  a  final  acidity  of  6N  HNO^  «  small  aliquot  is  pipetted  in¬ 
to  a  40  ml  centrifuge  cone,  and  an  appropriate  amount  of  tracer  is 
added. 

2.  Repeat  HF  treatment  until  no  change  in  the  sample  crud  Is  perceived. 

3.  Add  30  ml  HCJO„,  10  ml  HNO  ,  and  10  ml  HF.  Boil  to  strong  fumes  of 

4’  3 

HCIO  .  Remove  from  hot  plate  and  cool. 

4 

4.  Rinse  down  the  wall  of  the  beaker  with  6N  HNO^  and  Sat.  H^BO^  and  boil 
to  low  volume.  Take  up  with  50  ml  HC1  end  boil  with  repeated  additions  until 
HNO-j  Is  gone  (note  b). 

b.  Avoid  low  volume, as  excessive  foaming  and  swelling  will  occur. 

5.  Cool  and  transfer  the  solution  to  a  poly  bottle  (250  to  500  ml  depending  ou  the 

sample  size)  and  proceed  with  sr.ep  1  Pu-239  EXTRACTION  PROCEDURE. 

*  If  uranium  is  required,  withdraw  a  representative  aliquot  after  dissolution  and 
spike  it  with  a  known  amount  of  standardized  uranium  (duplicate  the  extraction 
procedure  with  this  aliquot).  Transfer  the  remaining  sample  into  a  volumetric  flask 
after  extraction,  and  dilute  to  merk  with  H2Q.  Pipet  an  appropriate  aliquot  into  a 
centrifuge  cone  and  save  for  uranium  analysis.  Evaporate  the  remainder  of  the 
volumetric  solution  to  low  volume,  transfer  to  a  40-ml  centrifuge  cone,  and  pro¬ 
ceed  with  step  1  Pu-239  PURIFICATION  PROCEDURE. 
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Pu- 239  DISSOLUTION  PROCEDURE 


VEGETATION 


SAMPLES  * 


1.  Remove  the  sample  from  it*  polyethylene  bag  and  place  in  a  600  to  800- 
ml  beaker.  Rinae  the  plastic  bag  with  HNO^  and  add  the  washings 

to  the  beaker. 

2.  Pipct  an  appropriate  amount  of  Pu-236  tracer  and  add  enough  HNO^ 
to  cover  the  sample..  Heat  gently  and  boil  the  aolution  to  a  small 
volume. 

3.  Cool  the  solution  and  add  50  ml  fuming  nitric  and  50  ml  HCIO^. 

Heat  gently  until  the  vigorous  exothermic  HCIO^  reaction  starts. 
Remove  the  beaker  from  the  hot  plate  and  allow  the  reaction  to  go 
to  completion. 

4.  Fume  the  solution  to  a  small  'alume  and  transfer  to  a  centrifuge 
cone. 

5.  Centrifuge  and  decant  the  supernate  into  the  dissolution  beaLer. 

Leach  and  decant  the  residual  sand  several  times  with  hot  HNO^. 
Centrifuge  each  leach,  combining  supernates  (note  a).** 

a.  Save  the  residue  for  extraction  of  residual  plutonium  in 
the  event  of  a  low  iam.'L  yield. 
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Pu- £39  DISSOLUTION  PROCEDURE 


VEGETATION  (2) 
SAMPLES  * 


6.  Evaporate  the  combined  supernatcs  to  a  small  volume  and  continue 
with  step  1.  Pu-239  PURIFICATION  PROCEDURE  (note  b). 

b.  If  heavy  insoluble  aalts  occur  after  evaporation  proceed 
with  step  1  Pu-239  EXTRACTION  PROCEDURE 


*  li  uranium  analysis  is  required,  transfer  the  sample,  after  dissolution 
into  an  appropriate  volumetric  flask>and  dilute  carefully  to  the  mark  with 
H^O.  Pipet  an  appropriate  aliquot  into  a  centrifuge  cone  and  save  for 
uranium  analysis.  Evaporate  the  remainder  of  the  volumetric  solution 
to  low  volume,  transfer  to  a  40-ml  centrifuge  cone,  and  proceed  with  step 
1  Pu-239  Purification  Procedure. 

*■*  If  uranium  is  required,  withdraw  a  representative  aliquot  after  dissolution 
and  spike  it  with  a  known  amount  of  standardized  uranium  (duplicate  the 
extraction  procedure  with  aliquot).  Transfer  the  remaining  sample  into  a 
volumetric  flask  after  extraction,  and  dilute  to  mark  with  H^C.  Pipet  an 
appropriate  aliquot  into  a  centrifuge  cone  and  save  for  uranium  analysis. 
Evaporate  the  remainder  of  the  volumetric  solution  to  low  volume,  transfer 
to  a  40»m\  centrifuge  cone,  and  proceed  with  step  1  Pu-239  PURIFICATION 

PROCEDURE. 
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Pu-239  DISSOLUTION  PROCEDURE 


SOIL  (  <5  Kms) 
SAMPLES  * 


1.  Add  sample  to  a  suitably  sized  teflon  beaker  (note  a).  Add  30  ml  HF  and 

10  ml  HNOj.  After  initial  exothermic  reaction  has  ceased,  boil  to  dryness 
(or  until  spattering  starts). 

a.  If  the  sample  monitors  ■<  4000  alpha  cpm,  add  Pu^^  tracer  aliquot 
before  adding  sample.  If  >  4000  alpha  cpm,  the  dissolution  is 
done  tracer  free,  the  solution  diluted  to  an  accurate  volume  to 
obtain  a  final  acidity  of  6NHNO3  a  small  aliquot  is  pipetted  into  a 
40~ml  centrifuge  cone,  and  an  appropriate  amount  of  trace  is 
added. 

2.  Repeat  HF  treatment  until  no  change  in  the  sample  crud  is  perceived. 

3.  Add  30  ml  HCIO4,  10  ml  HNOj,  and  10  ml  HF.  Boil  to  strong  fumes 
of  HCIO^.  Remove  from  hot  plate  and  cool. 

4.  Rinse  down  the  sides  of  the  beaker  with  bN  HNO^,  add  3  ml  H^BO^  and  boil 
to  low  volume.  Take  up  in  6 N  HNO^  and  heat  gently. 

5.  If  a  residue  is  still  present,  centrifuge,  add  20-ml  portions  of 
6NHNO3  to  residue  and  warm.  (Watch  for  bumping!)  Combine 
washings  and  supernate  if  all  residue  has  dissolved  (note  b)~ 

b.  A  residue  which  persists  will  sometimes  dissolve  with  repeated 
hot  Aqua  Regia  treatment  (maximum  3).  If  this  treatment  fails, 
put  sample  into  a  flask  and  add  1/3  volume  fuming  HNO3.  Add 
H2O  and  shake  vigorously,  venting  flask  periodically. 

6.  If  residue  still  remains,  centrifuge,  and  repeat. steps  2  through  5  on 
the  residue  (note  c). 

c.  A  trace  of  hard  silica  final  remains  for  some* samples.  The  amount 
of  activity  associated  with  this  residue  was  found  to  be  insignificant. 
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Fu-239  DISSOLUTION  PROCEDURE 


SOIL  (  <  5  gms)  (£) 

3KCTFIE5 - 


7.  Transfer  the  solution  from  step  5  to  a  centrifuge  cone  and  proceed  with 
step  1  ofPu-239  PURIFICATION  PROCEDURE. 


+11  uranium  analysis  is  required,  transfer  the  sample,  after  dissolution,  into 
an  appropriate  volumetric  flask  and  dilute  carefully  to  the  mark  with  H^- 

Pjpet  an  appropriate  aliquot  into  a  centrifuge  cone  and  save  for  uranium  analy¬ 
st*  Evaporate  the  remainder  of  the  volumetric  solution  to  low  volume,  trans¬ 
fer  to  a  40-ml  centrifuge  cone,  and  proceed  with  step  1  Pu-239  PURIFICATION 
PROCEDURE. 
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Pu-23?  DISSOLUTION  PROCEDURE 


SO 


SAMPLES* 


1.  Add  sample  to  a  suitably  sized  taiion  beaker.  Rinse  container  with  IN 
.JHNO3-  HF  and  add  to  sample  (note  a.).  Add  20  ml  HF-HNOj  for  eacn 
5  gms  of  soli.  After  initial  exothermic  reaction  has  ceased,  boll  to  cry- 


ness  (or  until  spattering  starts). 

a.  If  the  sample  monitors  <4000  alpha  cpm,  add  Pu-236  tracer 
aliquot  before  adding  sample.  If  >4000  alpha  cpm,  the  dis¬ 
solution  is  done  tracer  free,  the  solution  diluted  to  an  accur¬ 
ate  volume  to  obtain  a  final  acidity  of  6N  HNO^  a  small  ali¬ 
quot  is  pipetted  into  a  40-ml  centrifuge  cone,  and  an  appropri¬ 
ate  amount  of  tracer  is  added. 

2.  Repeat  HF  treatment  until  no  change  in  the  sample  crud  is  perceived. 

3.  Add  30  ml  HC104,  10  ml  HNO^,  and  10  ml  HF.  Boil  to  strong  fumes  of 
HC104.  Remove  from  hot  plate  and  cool. 

4.  Rinse  down  the  sides  of  the  beaker  with  6N  HNO,  and  Sat.  H,BO  and  boil 

~  3  33 

to  low  volume.  Take  up  with  50  ml  HC1  and  boil  with  repeated  additions 
until  HN03  is  gone  (note  b. ). 

b.  Avoid  low  volume  as  excessive  foaming  and  swelling  will  occur. 

;3.  Cool  and  transfer  the  solution  to  a  poly  bottle  (250  to  500  ml  depending  on 

sample  size)  and  proceed  with  step  1  Pu-239  EXTRACTION  PROCEDURE. 


*  If  uranium  is  required,  withdraw  a  representative  aliquot  after  dissolution  and 
spike  it  with  a  known  amount  of  standardized  uranium  (duplicate  the  extraction 
procedure  with  this  aliquot).  Transfer  the  remaining  sample  into  a  volumetric 
flask  after  extraction,  and  dilute  to  mark  with  HjO*  FlPet  *n  appropriate  aliquot 
into  a  centrifuge  cone  and  save  for  uranium  analysis.  Evaporate  the  remainder  of 
the  volumetric  solution  to  low  volume,  transfer  to  a  40-ml  centrifuge  cone,  and 
proceed  with  step  1  Pu-239  PURIFICATION  PROCEDURE. 
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Pu-d39  DISSOLUTION  PROCEDURE 


RALLOON 


WIRE  5 WIPE  * 


Z. 


3. 


4. 


6. 


7. 


Place  Uie  sample  or  aliquot  in  a  suitably  sized  pyr.ex  beaker  (note  a;  or 
toilon  beaker  if  sample  is  small. 

a.  If  the  sample  monitor  s  ^  <1000  alpha  cpm,  add  Pu-23t>  tracer  aliquot 
before  adding  sample.  If  ^4000  alpha  cpm,  the  dissolution  is  done 
tracer  free,  the  solution  diluted  to  an  accurate  volume  to  obtain  a 
final  acidity  of  6N  HNO^  a  small  aliquot  is  pipetted  into  a  4<hml 
centrifuge  corie,  and  an  appropriate  amount  of  tracer  is  added. 

Add  enough  fuming  HNO^  to  wet  all  of  the  sample.  Heat  on  a  hot  plate 
until  the  sample  has  dissolved. 

Remove  and  add  about  10  ml  78  percent  HCIO^  for  ecery  100  ml  fuming 
HNOj  added  in  step  Z.  Heat  on  hot  plate  until  an  exothermic  reaction 
begins.  Remove  beaker  from  hot  plate  and  allow  reaction  to  proceed, 
controlling  it  by  the  addition  of  1  to  10  ml  portions  of  fuming  HNO^  pouring 
acid  carefully  down  wall  of  beaker  (note  b). 

b.  At  times  the  reaction  ceases  and  the  solution  turns  black.  This  is 
caused  by  the  supply  of  fuming  HNO^  becoming  exhausted  and  is 
remedied  by  addition  of  more  acid. 

Transfer  the  contents  of  the  beaker  to  a  teflon  beaker  (note  c)  by  means 
of  a  transfer  pipet.  Wash  the  beaker  with  several  6N  HNO^  washes,  scrub¬ 
bing  the  sides  and  bottom  with  a  polyethylene  policeman.  Perform  at  least 
two  washes  with  3  ml  aliquots  of  IN  HNO^  *  IN  HF. 

c.  If  started  in  teflon,  omit  step  4  but  add  a  few  ml  HNO^.  If  the 
sample  does  not  contain  any  insoluble  material  at  this  point,  omit 
steps  5  through  8. 

Add  10  ml  HF  and  evaporate  to  wet  dryness.  Do  not  allow  sample  to 
bake  dry  at  any  time  during  the  procedure.  If  sample  contains  appreciable 
amounts  of  dirt,  repeat  HF  treatment  at  least  once. 

Add  4  ml  saturated  H-jBOj  and  8  ml  KNO^  and  boil  for  3  minutes. 

If  residue  remains,  wash  with  portions  of  warm  6N  HNO^  until  it  dissolves. 
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Pu-239  DISSOLUTION  PROCEDURE 


BALLOON  (2) 
WIRE  SWIPE  * 


8,  Transfer  any  undissolved  residue  to  the  teflon  beaker  quantitatively 
with  HNOj  washes  and  repeat  steps  5,  6,  and  7. 

9.  Transfer  the  solution  to  a  40-ml  centrifuge  cone  and  proceed  with  step 
1  Pu-239  Purification  Prpcedure, 


*  If  uranium  analysis  is  required,  transfer  the  sample,  after  dissolution,  into 
an  appropriate  volumetric  flask  and  dilute  carefully  to  the  mark  with  H  ..O, 

Pipet  an  appropriate  aliquot  into  a  centrifuge  cone  and  save  for  uraniuni 
analysis.  Evaporate  the  remainder  of  the  volumetric  solution  to  low  volume, 
transfer  to  a  40-ml  centrifuge  cone,  and  proceed  with  step  1  PU-239  Purification 
Procedure. 
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Pu-239  DISSOLUTION  PROCEDURE 


ANIMAL 

BONE* 


1. 


2. 


3. 


4. 


6. 


Place  the  sample  In  an  appropriate  corningware  oven  dish,  cover  and  dry 
at  1 10°  C  overnight.  Transfer  dish  to  a  muffle  furnace  and  ash  at  600°C 
overnight. 

Remove,  cool,  and  grind  the  bone  ash  with  a  glass  stirring  rod  or  peLtle. 
Dissolve  the  pulverized  ash  in  concentrated  HC1  at  low  heat  on  the  hot 
plate  (note  a). 

a.  If  more  than  a  trace  of  Insoluble  material  is  present,  the  following 
steps  must  be  performed. 

O)  Decant  solution  into  a  beaker.  Transfer  solid  residue  to  a 
platinum  dish.  Evaporate  to  dryness  under  a  heat  lamp. 

(2)  Add  fat  least  3  times  the  amount  of  residue)  solid  Na^CO^* 
Fuse  at  900°c  in  a  muffle  furnace  for  10  minutes. 

(3)  Dissolve  In  HC1  and  transfer  to  sample  beaker.  Continue 
with  step.  5, 

Transfer  the  solution  to  a  poly  bottle(2  liter  acid  bottle  for  large  bones), 
with  a  transfer  plpet. 


We 
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bottle. 

Proceed  with  step  1  of  the  Pu-239  EXTRACTION  PROCEDURE. 


*  If  uranium  is  required,  withdraw  a  representative  aliquot  after  dissolution  and 
spike  It  with  a  known  amount  of  standardized  uranium  (duplicate  the  extraction 
procedure  with  this  aliquot).  Transfer  the  remaining  sample  into  a  volumetric 
flask  after  extraction,  and  dilute  to  mark  with  H,0*  Plpet  an  appropriate  aliquot 
Into  a  centrifuge  cone  and  save  for  uranium  analysis.  Evaporate  the  remainder  of 
the  volumetric  solution  to  low  volume,  transfer  to  a  40-ml  centrifuge  cone,  and 
proceed  with  step  1  Pu-239  PURIFICATION  PROCEDURE. 
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ORGANIC  TISSUE* 


1.  Remove  the  frozen  temple  from  its  polyethylene  bag  end  place  in  e  smell 
(250  to  400  ml)  beaker.  Rinse  the  plastic  bag  with  HNOj  and  add  the  wash¬ 
ings  to  the  beaker, 

2.  Plpet  an  appropriate  amount  of  Pu-236  tracer  and  add  enough  HNOj  to 
cover  the  sample.  Heat  gently  and  boll  the  solution  to  a  small  volume. 

3.  Cool  the  solution  and  add  SO  ml  fuming  HNO^  and  SO  ml  HCIO^.  Heat 
gently  until  the  vigorous  exothermic  HCIO^  reaction  starts.  Remove  the 
beaker  from  the  hot  plate  and  allow  the  reaction  to  go  to  completion. 

4.  Fume  the  solution  to  a  small  volume  and  transfer  to  a  cantrifuge  cone. 

5.  Proceed  with  step  1  Pu-23  9  PURIFICATION  PROCEDURE. 


*  If  uranium  analysis  Is  required,  t-ansfer  the  sample,  after  dissolution, Into 
an  appropriate  volumetric  flask  and  dilute  carefully  to  the  mark  with  H^O. 

Pipet  an  appropriate  aliquot  into  a  centrifuge  cone  and  save  for  uranium  analy¬ 
sis.  Evaporate  the  remainder  of  the  volumetric  solution  to  low  volume,  trans¬ 
fer  to  a  40-ml  centrlgue  cone,  and  proceed  with  step  1  Pu-239  PURIFICATION 
PROCEDURE. 


103 

CONFIDENTIAL 


Pu-239  DISSOLUTION  PROCEDURE 


MEDIUM  (2  ounce!  to  2  pound*) 
ORGANIC  T1S5UE  * 

1.  Remove  the  frozen  (ample  from  it*  polyethylene  bag  and  place  in  an  approp¬ 
riate  ikc  beaker.  Rin*e  the  plaatic  bag  with  HNO^  and  add  the  washing*  to 
the  beaker. 

2.  Add  an  appropriate  amount  of  Pu-236  tracer  and  enough  UNO ^  to  cover  the 
■  ample.  Heat  gently  and  boil  the  eolution  to  a  low  volume. 

3.  Cool  and  add  enough  H^SO^  to  raiee  the  level  of  eolution  in  the  beaker  to 
approximately  1  inch.  Heat  gently  until  a  vigorou*  reaction  starts,  then 
remove  from  the  hot  plate  until  the  reaction  subsides. 

4.  Fume  thi*  solution  (black  liquid)  to  a  email  volume  and  heat  with  HNO^ 
until  the  solution  turns  red  and  finally  clears.  Add  fuming  HNO^  and  HCIO^ 
and  fume  to  a  small  volume.  Add  H^SO^  and  fume  to  low  volume  to  drive  off 
the  HCIO^  (note  a). 

a.  HCK^  form*  explosive  mixture  with  cupfcrron-CHC  1  ^  reagent, 
added  later  to  extract  plutonium  and  uranium  from  precipitated 
salts,  and  must  be  removed. 

5.  Cool,  transfer  the  solution  to  a  poly  bottle  (250  to  500  ml  depending  on  sample 
sisc),  and  proceed  with  step  1  of  the  Pu-239  Extraction  Procedure, 


*  If  uranium  is  required,  withdraw  a  representative  aliquot  after  dissolution 
and  spike  it  with  a  known  amount  of  standardised  uranium  (duplicate  the  ex¬ 
traction  procedure  with  this  aliquot).  Transfer  the  remaining  sample  into  a 
volumetric  flask  after  extraction,  and  dilute  to  mark  with  H^O.  Pipet  an  appro¬ 
priate  aliquot  into  a  centrifuge  cone  and  save  for  uranium  analysis.  Evapor¬ 
ate  the  remainder  of  the  volumetric  solution  to  low  volume,  transfer  to  a  40-ml 
centrifuge  cone,  and  proceed  with  step  1  Pu-239  PURIFICATION  PROCEDURE. 
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DISSOLUTION  PROCEDURE 


LARGE  (  ^  2  pe^nvlf^ 


ORGANIC  TISSUE  • 


Remove  the  froaen  sample  from  it.  polyethylene  bag  and  allow  it  to  thaw  for 
a  few  minute*  under  a  heat  lamp.  If  the  .ample  shape  or  .iae  i.  ,uch  that 
it  will  not  fit  in  the  bottom  half  of  a  four-liter  beaker,  cut  the  .ample  into 
appropriate  .action,  and  place  each  .action  in  a  .operate  beaker.  Rin.e  the 
pla.tic  bag  with  HNQ^  and  add  the  washings  to  the  beaker. 

Add  enough  H^SC^  to  completely  cover  the  .ample.  Pipet  an  appropriate 
amount  of  Pu-236  tracer  (within  a  factor  of  five  of  the  expected  .ample  activ¬ 
ity  but  a  minimum  of  15  dpm)  into  each  beaker  and  add  approximately  5  gram. 

K2S04  *nd  -‘3  droP*  Hg  metal.  Spray  the  .ample  with  Dow-Corning  Ant.- 
foam  A  silicone  defotmer. 

Attach  the  .tern  of  an  inverted  6-inch  funnel  to  a  ring  atand  and  clamp  and 
lower  the  funnel  mouth  into  the  beaker.  Secure  a  few  inches  above  the  .ample. 
Dige.t  the  .ample  gently  with  low  heat  until  a  black  tarry  mixture  i.  obtained. 
Increa.e  the  heat  gradually  and  reflux  until  the  mixture  ia  a  clear  eolution. 

The  tarry  mixture  will  turn  to  a  black  jelly,  black  liquid,  red  liquid,  and 
finally,  a  clear  .olution.  Raise  or  lower  the  funnel  during  di.eolulion  to 


rnnfrnl  f K • 

UV  .4..  w.«w  •  awiVlli 


<"WQ  any  carbonaceous  material  on  the  beaker 


and  funnel  walls  with  H?SO  . 

*•  4 

Evaporate  the  H2SC>4  until  salts  .tart  forming.  Remove  the  funnel  and  add 
HN03  caution. ly  to  cool  the  .olution.  If  the  .ample  had  been  divided  into 
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Pu-239  DISSOLUTION 


LARQS_(>2  Pounds) 
ORGANIC  TISSUE* 


sections  for  the  dissolution,  combine  the  section*  into  one  beaker  and 
evaporate  to  low  volume.  Cool,  transfer  the  sample  with  water  to  a  2- 
liter  acid  bottle,  and  proceed  with  step  1  Pu-239  EXTRACTION  PROCEDURE. 


r 


*  If  uranium  is  required,  withdraw  a  representative  aliquot  afte»-  dissolution 
and  spike  it  with  a  known  amount  of  standardized  uranium  (duplicate  the  ex¬ 
traction  procedure  with  this  aliquot).  Transfer  the  remaining  sample  into  a 
volumetric  flask  after  extraction,  and  dilute  to  mark  with  H20.  Pipet  an  ap¬ 
propriate  aliquot  into  a  centrifuge  cone  w.id  save  for  uranium  analysis.  Evap¬ 
orate  the  remainder  of  the  volumetric  solution  to  low  volume,  transfer  to  a 
40-tnl  centrifuge  cone,  and  proceed  with  step  1  Pu-239  PURIFICATION  PRO¬ 
CEDURE. 


* 
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Pu-239  DISSOLUTION  PROCEDURE 


METABOLISM 


SAMPLES  * 

1.  Place  the  sample  in  a  4-liter  beaker,  rinsing  the  container  with  H,0 
and  HNOy  Add  an  appropriate  amount  of  Pu-236  tracer, 

2.  Cover  the  beaker  with  a  speedy-vap  and  boil  to  wet-dryness  on  a  hot 
plate.  Cover  the  sample  with  HNO^  and  boil  to  low  volume. 

3.  Add  100  to  200  ml  fuming  KNO ^  and  cautiously  evaporate  the  solution  to 
wet  dryness  (note  a). 

a.  At  near  dryness,  ignition  occurs  and  the  residue  carbonises. 

4.  Cool  and  rinse  the  speedy-vap  and  the  sides  of  the  beaker  with  ap¬ 
proximately  100  ml  HNOy  Add  75  ml  and  HCIO^  and  fume  the  mixture 
to  dense  HCIO^  fumes  to  destroy  residual  organic  matter. 

5.  Add  200  ml  H^SO^  and  fume  the  mixture  to  low  volume  to  driwt  off  all 

the  HCIO ..  Cool  and  transfer  to  a  2-liter  acid  bottle. 

A 

6.  Continue  with  step  1  Pu-239  Extraction  Procedure. 


*  If  Uranium  is  required,  withdraw  a  representative  aliquot  af'sr  dissolution 
and  spike  it  with  a  known  amount  of  standardised  Uranium  (duplicate  the  ex¬ 
traction  procedure  with  this  aliquot).  Transfer  the  remaining  sample  into  a 
volumetric  flask  after  extraction,  and  dilute  to  mark  with  H^O.  Pipet  an  ap¬ 
propriate  aliquot  into  a  centrifuge  cone  and  save  for  uranium  analysis.  Evap¬ 
orate  the  remainder  of  the  volumetric  solution  to  low  volume,  transfer  to  a  40 
ml  centrifuge  cone,  and  proceed  with  step  1  Pu*239  Purification  Procedure. 
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Pu- 239  REWORK  PROCEDURE 


PLATED 


DISCS 

1.  Transfer  the  mounted  Plutonium  sample  to  a  small  teflon  banker.  Add 
20  mi  fuming  HNO^  and  10  ml  HF  and  boil  to  low  volume. 

2.  Remove  disc  with  teflon  forceps  and  rinse  with  1  N  HNC^  -  I  N  HF  adding 
washes  to  beaker. 

3.  Dry  the  disc  under  a  heat  lamp  and  check  for  residual  activity.  Repeat 
stripping  process  if  significant  activity  is  detected. 

4.  Boil  solution  to  wet  drynesu,  add  10  drops  of  HjBO  ^  and  2  ml  HHQy 
and  boil  to  wet  dryness. 

5.  Transfer  the  sample  to  a  glass  beaker  with  6  N  HNO ^  and  proceed  with 
step  4  of  the  Pu»239  Purification  Procedure. 
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Pu-239  EXTRACTION  PROCEDURE 


*  I.  Dilute  the  sample  (note  a)  contained  in  poly  or  acid  bottle,  to  2/ 3 

volume  with  H^O.  Add  an  appropriate  amount  of  Sat.  NK^  OH  *  HCi 
and  CHCl^  (note  b/.  Stir  at  high  speed  with  a  mechanical  stirrer  for 
a  few  minutes.  Add  SO  to  100  ml  6%  cupferron  reagent  and  stir  again 
at  nigh  speed  for  5  minutes. 

a.  The  sample  solution  must  be  in  approximately  IN  HCI  free 
of  NO^".  Boil  solution  in  HCI  if  necessary  and  dilute  with 

h2°- 

b.  Large  tissues  -  100  ml  Sat.  NH^  OH  •  HCI,  150  ml.  CHCl^ 

Medium  tissues  -  50"  "  "  "  100  ml.  " 

Large  Soils  -  10  »  »  "  "  50  ml.  " 

f  Small  Soils  -  5  "  "  "  25  ml.  " 

2.  Centrifuge  to  separate  the  phases.  Add  a  few  drops  of  aerosol  solution 
to  reduce  foaming  between  layers.  Transfer  the  CHCl^  phase,  using 

a  transfer  pipet  to  a  400-ml  beaker.  Repeat  the  extraction,  without 
the  addition  of  more  cupferron,  until  the  CHCl^  phases  are  colorless. 

3,  Boil  the  CHClj  collections  to  iow  volume,  (approximately  3  ml)  and  allow 
the  contents  to  cool.  Rinse  the  walls  of  the  beaker  with  HNO^  and  boil 

to  approximately  3  ml.  Repeat  the  rinse  with  fuming  HNO^  boil  to 
low  volume  (avoid  dryness)  (note  c). 

c.  Repeat  fuming  HNO3  cycle  for  soil  samples  until  solution 
turns  a  clear  red  color. 
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Pu-239  EXTRACTION  PROCEDURE 


U) 


4.  Add  25  ml  faming  HNO^i  25  ml  HCIO^.  Cautiously  heat  until  an 
exothermic  HCIO^  reaction  begins.  Remove  the  beaker  from  the  hot 
plate  and  allow  the  reaction  to  go  to  completion. 

5.  Fume  the  HCIO^  to  low  volume  (note  dj.  Cool  the  solution  and  transfer 
with  water  washes  to  a  centrifuge  cone. 

d.  A  white  residue  often  appears  at  this  point  in  large  bone 
samples.  Repeat  the  extraction  in  this  event. 

6.  Continue  with  Step  1  Pu-239  PURIFICATION  PROCEDURE. 
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1.  To  the  sample  contained  in  a  centrifuge  cone,  add  10  mg  Fe+  ^  unless 
the  sample  is  known  to  contain  that  much.  Digest  in  a  hot  water  bath  for 
10  minutes  and  carefully  odd  19N  NaOH  (pellets  may  be  required  if  the  vol¬ 
ume  is  too  large)  until  the  solution  is  basic  (note  a).  Add  3  ml  saturated 

and  digest  in  shot  water  bath  10  minutes.  Centrifuge  and  decant 
supernate  to  waste.  Dissolve  the  precipitate  in  HNO^  and  dilute  to  ap¬ 
proximately  15  ml. 

a.  Do  not  make  the  solution  too  basic, as  Fe  is  amphoteric. 

2.  Make  the  solution  basic  with  NH  OH  and  digest  the  precipitate  in  a  hot 

4 

water  bath  for  10  minutes.  Centrifuge  and  decant  the  supernate  to 
waste.  Wash  the  precipitate  twice  with  10-ml  portions  of  con¬ 

taining  1  drop  NH^OH. 

3.  Dissolve  the  precipitate  in  a  minimum  of  HNO^  and  add  5  ml  6N  KNO  ^ 
(note  b). 

b.  An  insoluble  brown  precipitate  sometimes  persists  if  iron  is 
present  in  excess.  However,  during  the  HC1  column  additions 
in  steps  5  and  6  this  precipitate  dissolves,  changing  from  brown 
to  blue  green.  Addition  of  more  HC1  finally  destroys  the  blue 
green  color. 

4.  Prepare  a  100  to  200  meeh  Dowex  1-X  10  resin  column  by  adding  approxi¬ 
mately  1/2  inch  of  resin  to  a  tubulated  glass  column,  12  mm  I.  D.  and 
85  mm  in  length,  containing  a  Dacron  wool  plug  at  the  bottom.  Insert 
another  plug  at  the  top  and  precondition  the  column  with  10  ml  6N  HNO^. 

5.  Pour  the  solution  from  step  3  onto  the  column.  Wash  the  centrifuge 
tube  with  20  ml  6N  HNO^,  followed  by  10  ml  HCi  and  add  the  washings 
to  the  column. 

6.  Allow  the  column  to  drain  and  elute  the  plutonium  into  a  5Q-ml  beaker 
with  30  ml  of  freshly  prepared  HCl-NH^I  (approximately  50  mg  NH«I  per  30 
ml  HCI). 
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7.  Evaporate  tha-sdute  to  approximately  2  ml  and  add  2  ml  HNO^  to  destroy  I. 
Add  3  ml  HCIO^  and  evaporate  to  wet  dryneaa.  Repeat  with  5  ml  Aqua 
Regia. 

8.  Take  up  the  residue  in  1  ml  HC1  and  evaporate  to  dryneaa.  Do  not 
bake.  Rotate  the  beaker  to  insure  complete  dryneaa.  Add  2.  ml  HC1, 
boil  to  1  ml  and  transfer  to  a  prepared  electroplating  cell  (note  c). 
Rinse  the  beaker  with  two  1/ 2-ml  HC1  washes  and  one  1/2-ml  water 
wash.  Transfer  each  wash  to  the  plating  cell  (note  d)  and  proceed 
with  atep  1  of  Pu-239  ELXCTROPLATING  PROCEDURE. 

c.  The  platinum  disc  and  anode  must  be  freed  of  any  grease 
film  by  rinsing  several  times  with  acetone  and  alcohol. 

Write  the  sample  identification  on  the  back  of  the  disc. 

Ignite  to  red  heat  in  a  Fisher  burner  flame.  The  electro¬ 
plating  cell  must  be  clean  and  free  of  any  foreign  mater¬ 
ial.  Check  for  leakage  before  use. 

d.  Keep  the  plating  solution  at  minimum  volume  during  this 
transfer  and  also  during  the  titration. 
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1.  Add  drop  methyl  red  indicator.  Add  NH^OH  dropwise  until  the 
indicator  ahowa  the  solution  to  be  baaic  (yellow).  Add  2N  HC1 
dropwiae  until  the  aolution  ia  'uat  acid.  Add  1  drop  in  exceaa. 

2.  Place  the  sample  on  a  Sergent-Slomin  electrolytic  analyser. 

Adjuat  the  rotating  anode  to  approximately  1/4  inch  above  the 
platinum  disc.  Plate  for  20  minutes  at  a  starting  current  of 

2.  5  amp  and  approximately  5  volts.  The  current  may  fluctuate 
during  the  plating  period.  Check  occasionally  and  adjust  the 
current  to  maintain  2.  6  amp  throughout  the  plating  operation. 

3.  At  the  end  of  the  electroplating  period,  add  1  ml  NH4OH.  Stir 
for  IS  seconds.  Turn  off  the  current  and  stirrer.  Remove  the 
anode  from  the  plating  solution. 

4.  Immediately  transfer  the  plating  solution  into  the  beaker  used 
for  evaporation.  Rinse  the  inside  of  the  plating  cell  3  times 
with  water  washes.  Combine  the  washes  with  the  plating  solution 
in  the  beaker. 

5.  Dismantle  the  plating  cell  and  remove  the  platinum  disc.  Rinse 
wua  alcohol  and  ignite  the  disc  to  red  heat. 

6.  Place  disc  in  a  lined  and  labeled  tin  box  and  submit  for  alpha  pulse 
height  analysis. 
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1.  Divide  the  aliquot  act  aside  lor  uranium  determination  into  two  equal 
pcrtione  and  transfer  to  an  appropriate  glass  be  alter.  Add  an  appropriate 
uranium  spike  (for  yielding)  to  one  portion  (note  a). 

a.  If  the  aliquot  is  taken  from  a  cupfcrron-CHCE^  extraction  sample, 
do  not  spike  or  divide  it.  Analyse  concurrently  with  the  aliquot 
spike  prior  to  extraction. 

2.  Evaporate  the  solution  to  low  volume  and  dilute  to  5  ml  with  2N  HNOj. 
Transfer  to  a  centrifuge  cone  and  saturate  with  NH^NO^  crystals. 

3.  Add  10  ml  hexone  and  stir  at  high  speed  for  5  minutes.  Transfer  the  hexone 
layer  to  a  fresh  centrifuge  cone. 

4.  Repeat  step  3  twice  with  S-ml  additions  of  hexone  and  combine  organic 
phases. 

5.  Scrub  the  hexone  phase  twice  with  a  saturated  solution  of  NH^NO^  to 
remove  Pu  and  other  heavy  elements  and  discard  aqueous  phase. 

6.  Back  extract  the  uranium  twice  with  two  5-ml  additions  of  water  and 
transfer  the  aqueous  phases  to  a  50-ml  glass  beaker.  Boil  to  wet  dry¬ 
ness,  add  5  ml  Aqua  Regia,  and  boil  to  wet  dryness.  Repeat  Aqua  Regia 
step  (note  b). 

b.  Aqua  Regia  destroys  residual  hexone  and  NH^NO^  which  may  be 
carried  through  the  back  extraction. 

7.  Take  up  solution  in  6N  KNO^  and  proceed  with  step  1  Fluorimctric 
Determination  of  Uranium  (note  c). 

c.  If  the  fluorimetric  analyses  is  delayed,  store  the  solution  in 
concentrated  HNO^. 
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I*  Evaporate  the  sample  to  1  ml  and  transfer  to  a  platinum  fusion  dish 
(note  a  )  .tiling  on  a  Nichrome  wire  screen-ring  holder.  Evaporata 
the  sample  to  dryness  under  a  heat  lamp. 

a.  The  fusion  dishes  ara  formed  from  satin  finish  90%  Pt-10% 

lr  alloy  discs  (0.015  inch  thick  by  0.748  +  0.001  inch  diameter)  In  a 
special  forming  die  (0.7S0  inch  diameter).  The  new  dishes  are  cleaned 
by  boiling  in  a  1-to—  1  mixture  of  and  HNO^  and  than 

rinsed  thoroughly  in  water  and  distilled  water.  They  are  than 
fused  twice  with  NaF-LiF  flux  and  washed  before  their  initial 
use. 

2.  Start  a  blast  burner  and  by  regulation  of  the  air  supply,  stabilise  the 

flame  to  800°C.  Position  the  dish  holder  above  the  flame,  add  1/2  gm 
NaF-LiF  Flux  (note  b)  to  the  dish  and  ignite  to  v  bright  red  heat  for 
3  minutes  (note  c).  Allow  to  cool  in  place  for  15  minutes  and  transfer 
to  a  12-hole  uranium  dish  container.  Transfer  the  dish  to  a  calibrated 
Jarrell- Ash  fluorimeter  (note  d),withir.  2  hours  and  record  the  milliampe. 
Convert  reading  to  p  gram  per  total  sample  using  a  calibration  curve 
(note  e)  and  calculation  factors. 

b.  The  flux  powder  from  which  pellets  are  formed  for  fusion  is 
composed  of  98%  NaF-2%  LiF  mixed  intimately.  This  is  made 
up  in  one-pound  batches  in  order  to  insure  uniformity  in  day*-to— 
day  use.  A  satisfactory  bath  of  flux  will  show  O.OlOpg  or  less 
per  0.5-gram  pellet.  The  purest  NaF  available  gives  0.  003  pg. 
The  pellets  are  formed  in  a  TLW  pellet-maker,  fabricated  from 
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py rex  gl»M,  and  adjusted  to  cieiiver  *  0,  SO  +  0.01  grain 
pellet.  The  pellet-maker  ie  gently  preated  (or  about  ten 
times  into  the  flux  powder  container,  and  a  spatula  is  used 
to  flatten  the  bottom  of  the  pellet. 

C.  The  flux  will  melt  within  one  minute  if  the  flame  is  correctly 
adjusted  and  the  fusion  is  continued  for  three  minutes  after 
the  last  of  the  flux  has  melted.  At  the  end  of  the  fusion,  turn 
off  the  air  and  gas  simultaneously. 

d.  The  Jarrell-Asli  fluorimeter  is  operated  and  maintained  accord¬ 
ing  to  the  supplied  manual.  To  prepare  for  a  series  of  readings, 
push  the  receptacle  slide  to  the  front  stop.  The  instrument 
reference  source  is  now  under  the  ultraviolet  light  and  the 
meter  circuit  is  switched  to  the  0.001  scale.  The  voltage 

is  adjusted  so  as  to  give  a  reading  of  100  divisions.  Adjust 
the  reference  to  aero  and  enter  blank  and  read.  Remove 
blank,  enter  sample,  and  record  reading.  Check  reference 
reading  between  each  sample  and  aero  if  necessary.  Record 
all  necessary  data. 

e.  The  flurometer  is  calibrated  prior  to  sample  analysis  and 
daily  thereafter.  The  initial  calibration  is  performed  by  analys¬ 
ing  100  A  spikes  of  standardised  uranium  solutions.  The 

standard  uranium  solution  used  for  spiking  and  standard  measurement 
ranges  from  0.050  to  8.24  p.g  UjO^  ml.  These  concentrations 
are  aliquoted  to  allow  readings  on  the  fluorimeter  to  be  made  on 
the  0.001-1  scale.  A  calibration  curve  ia  plotted  from  the  scale 
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reading*.  Blank-,  with  the  multiplier  phototube  operating  at 

about  400  voltr  ihow  a  typical  reading  a*  follow* ; 

Scale  0.001  Instrument  standard 

•  et  on  100  div. 

Blank:  0.019  division*  or 

0.  006  pg 

Daily  calibrations  are  performed  by  analysing  100  h  spikes  of 
0.973  and  1.46  pg  U^O^  per  ml  standardised  uranium  solutions. 
If  the  initial  and  daily  calibration  curres  are  mismatched  a  new 
calibration  curve  is  prepared  as  in  Step  X. 

3.  Remove  the  dish  from  the  fluorimeter  and  discard  the  fluoride  pellet. 
Clean  the  disc  by  boiling  once  in  0.  IN  HC1,  twice  in  t^O^and  fusing 
with  NaF-liF  flux.  Repeat  acid  and  wi  «r  treatment,  rinse  with 
and  place  disc  face  down  on  a  clean  paper  towel  to  dry.  The  disc  is  now 
ready  for  the  next  sample. 


*  The  sensitivity  of  this  method  is  0.001  pg  of  UA-  Reproducibility 
is  approximately  5%. 
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The  production  of  Pu-236  is  Accomplished  by  deuteron  bombs rdment  of 
U  235  in  An  accelerator  by  the  following  reaction: 

U-235  (d,  n)  Np-236 
Np-236  _22_hr _  p^.236 

In  order  to  obtain  Pu-236  free  of  Pu- 238  and  Pu- 239 .  the  U-235  must 
be  99+  percent  pure. 

The  deuteron  energy  should  be  between  12  to  17  mev.  The  target  is 
U-235  foil  about  200  mg/cm^  thick  and  with  an  area  of  approximately  1  inch 
square,  depending  on  beam  else.  This  is  about  one  gram  U-235, 

After  bombardment,  the  Np-236  is  allowed  to  decay  and  Pu-236  milked 
off  by  appropriate  chemical  procedures. 

Since  fissionable  material  is  being  irradiated,  the  target  must  be 
sandwiched  w-th  aluminum  foil.  It  is  desirable  to  have  a  sealed  target  con¬ 
taining  an  inert  atmosphere  and  naving  its  own  water  coaling  lines. 

The  surrounding  foil  means  a  deuteron  energy  of  about  25  mev  is 
required,  this  being  degraded  by  the  foil  to  the  12  to  17  mev  range. 
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1.  When  a  new  stock  of  Pu^^  le  received,  transfer  the  aolution  to  a  50-ml 
lusteroid  cone  and  add  rv5  mg  La  ^  and  *n»5  mg  Fe  \ 

Z.  Make  the  aolution  baaic  with  NH^OH,  Let  atand  3  minutee  and 
centrifuge.  Waah  the  hydroxides  with  10  ml  water.  Discard  the 
supernate  and  waah.  Diaaolve  the  hydroxide  in  3  drope  of  HNQj. 

3.  Dilute  to  10  ml  with  water.  Heat  the  aolution  for  3  minutes  on  a  75°  C 
water  bath.  Add  20  mg  NaHSOj  a  little  at  a  time,  to  insure  complete 
reduction.  Continue  to  heat  for  5  minutes.  Add  10  drops  HF  with 
stirring,  and  heat  for  a  few  minutes.  Cool  and  centrifuge.  Wash  the 
LaFj  with  2  ml  IN  HC1'  IN  HF.  Discard  the  supernate  and  waah. 

4.  Slurry  the  LaF^  in  1  ml  saturated  HjBOj  and  heat  on  a  75°  C  water 
bath  for  a  few  minutes.  Add  1  ml  HC1  and  l  ml  water  and  continue  to 
heat  on  the  water  bath  to  obtain  a  clear  aolution.  Dilute  to  10  ml  with 
water.  Addr*2  mg  Fe"*\ 

5.  Repeat  steps  2,  3.  and  4.  Do  not  add  Fe  to  the  repeated  step  4. 

6.  Add  NH4OH  to  precipitate  La(OH}<-  Digest  in  s  hot  water  bath  for 

a  few  minutea.  Centrifuge,  and  wash  ths  precipitats  with  5  ml  water 
containing  1  drop  NH^OH,  Discard  the  supernate  and  waah. 

7.  Diaaolve  the  La  (OH)j  in  1  ml  HC1  and  Z  drops  HNCj.  Heat  the  solution 
for  3  minutes  in  a  hot  water  bath.  Cool  the  solution  in  an  ics  bath, 

and  saturate  with  HC1  gas.  Allow  to  come  to  room  temperature. 

8.  Transfer  the  solution  to  a  prepared  Dowex  AG  1-X8  (100  to  200  mesb) 
column.  Prepare  an  eluting  solution  containing  15  mi  HC1  and  1/2-ml 
HNOj.  Rinse  the  tube  with  several  1-ml  portions  of  this  solution. 
Transfer  these  washes  to  the  column.  Wash  the  column  with  the 
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remaining  solution  in  2-ml  portion*.  Wash  with  15  ml  HG1  in  2-ml 
portion*.  Discard  the  effluents  and  waihei. 

9.  Prepare  an  eluting  solution  containing  20  ml  KC1  and  75  mg  NH^l.  Elute 
the  Pu  from  the  column  into  a  50-ml  beaker  with  2-ml  portion*  of  thi* 

•  oiution,  allowing  the  first  ?.-ml  portion  to  pas*  through.  Add  the 
second  Z-ml  portion  and  plug  the  top  of  the  column  with  a  piece  of 
pressure- sensitive  tape  for  5  minutes.  Remove  the  tape  and  continue 
to  elute  in  2-ml  portions.  Pass  through  6  ml  of  HC1  in  2-ml  portions. 

10.  Evaporate  the  solution  in  the  50-ml  beaker  just  to  dryness  with  addition 
of  HNOj  in  order  to  drive  off  all  iodine.  Take  up  the  activity  in  6N  HG1. 
Transfer  the  activity  to  a  polyethylene  bottle  using  6N  HG1  washes. 

Add  sufficient  fcN  HC1  to  give  a  concentration  offw3000  dpm  per  ml. 

11.  Transfer  the  contents  of  the  3000  dpm  per  ml  concentrated  stock 

-1  3 

solution  to  an  appropriate  size  glass  beaker.  Add  10  mg  Fe  ,  4  ml 
**2”*®4’  HCIO^-  Evaporate  to  SO-j  fumes. 

12.  Wash  the  sides  of  the  beaker  with  HCl  and  evaporate  to  near  dryness. 

Take  up  in  1-2  ml  HGl  and  transfer  to  a  40-mi  centrifuge  cone  with 
H  ,0  +  HCl  washes. 

13.  Ppt  Fe(OH)j  with  NH^OH  and  centrifuge.  Wash  ppt  with  HjO  containing 
a  tew  drops  NH^OH  and  centrifuge.  Dissolve  the  Fe(OH)j  in  a  few  drops 
HNO3  and  dilute  to  5  ml  with  6N  HNOj,  Add  r*l /Z-ml  saturated  NaBrO-j 
solution. 

14.  Warm  on  hot  water  bath  a  few  minutes.  Saturate  the  solution  with 
NH4NO3  crystals,  add  5  ml  hexone  and  stir  with  a  mechanical  stirrer 

3  minutes.  Repeat  hexone  extraction  twice  adding  Sat.  NaBrO^  and  more 
NH4NO3  crystals  as  necessary. 
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15.  Wash  the  hexone  phases  by  stirring  with  5 -ml  6N  HNO.  for  1  minute 
and  discard  the  washes.  Back  extract  the  Pu  with  three  5-ml 
additions  of  0.  IN  HNCj.  Transfer  the  aqueous  phase  to  a  S0-ral 

glass  beaker. 

16.  Add  10-ml  HC1  and  boil  to  wet  dryness.  Repeat  KC1  addition  and 
evaporation  twice.  Take  up  with  10-ml  6N  HC1.  Transfer  contents  to 
250-ml  poly  buttle,  and  dilute  to<v£50  ml  with  6N  HC1. 

17.  Add  one  ml  of  Con  HCIO4  and  cap  tightly.  The  activity  value  should 
be**4.  4  x  103  dpm/ml.  Label  R.  C.  Pu23^  Master  Stock  Solution. 

18.  Pipet  exactly  10  ml  of  the  R.  C.  Pu23&  Master  Stock  Solution  into  a 
2000. ml  volumetric  flask  and  add  10  ml  Con  HCIO4.  Dilute  to  the  mark 
with  6N  HCl. 

19.  Transfer  the  solution  (not  quantitatively)  into  eight  clean,  dry  2SO-ml 
poly  bottles  and  cap  tightly.  The  activity  value  should  be*w22  dpm/ml  in 
each  poly  bottle.  Label  R.  C.  Pu236  Low  Level  Stock  Solution.  Circle 
caps  and  bottles  with  green  label  on  tape. 

20.  Pipet  exactly  200  ml  o f  the  R.  C.  Pu2"'&  Master  Stock  Solution  into 
a  2000*ml  volumetric  flask  and  add  10  ml  HCIO^.  Dilute  to  the  mark 
with  6N  HCl. 

21.  Transfer  the  solution  (not  quantitatively)  into  eight  clean,  dry  250-ml 
poly  bottles  and  cap  tightly.  The  activity  value  should  bew«0  dpm/ml. 
Label  R.  C.  Pu'  High  Level  Stock  S  lution.  Circle  capo  and  bottles 
with  red  label  on  tape. 
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1.  Pipet  1  ml  each  of  R.  C.  Pu*^  Low  Level  and  High  Level  Stock 
Solutioii  into  an  electroplating  cell  (uaually  proceea  duplicate  aliquots). 
Add  1/2  ml  HC1. 

2.  Add  1  drop  methyl  red  indicator.  Add  NH^OH  dropwiae  until  the 
indicator  ahowa  the  solution  to  be  baaic  (yellow).  Add  2N  HC1  dropwtse 
until  the  solution  ia  just  acid.  Add  1  drop  in  excess. 

3.  Place  the  sample  on  the  Sargent-Slomin  electroplater.  Adjust  the 
platinum  anode  (note  a)  to  approximately  1/4- inch  above  the  platinum 
disc  (Note  b).  Plate  for  10  minutes  at  a  starting  current  of  Z.  S 
amps  and  about  5  volts.  The  current  may  fluctuate  during  the  plating 
period.  Check  occasionally  and  adjust  the  current  to  maintain  2.6 
amps  throughout  the  plating  period. 

a.  The  same  platinum  anode,  glass  tower,  and  washer  is  used 
through  three  successive  platings  of  a  given  aliquot. 

b.  The  platinum  disc  and  anode  must  be  freed  of  any  grease  film 
by  rinsing  several  times  with  acetone  and  alcohol.  Write  the 
•ample  identification  on  the  back  of  the  disc.  Ignite  to  red 
heat  in  a  Fiaher  burner  flame.  The  electroplating  cell  must 
be  clean  and  free  of  any  foreign  material.  Check  for  leakage 
before  use. 

4.  At  the  end  of  the  electroplating  period,  add  1  ml  NH4OH.  Stir  for  15 
seconds.  Turn  off  the  current  and  stirrer.  Remove  the  anode  from 
plating  solution. 

5.  Immediately  transfer  the  plating  solution  into  a  50- ml  beaker.  Rinse 
the  inside  of  the  plating  cell  three  times  with  water  washes.  Combine 
the  washes  with  the  plating  solution  in  the  beaker. 
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Standardnation  (2) 

by  Exhauauv*  Plating 


6.  Dismantle  the  plating  cell  and  remove  the  platinum  disc.  Rmee  with 
alcohol  and  ignite  the  disc  to  red  heat;  cool. 

7.  Place  sample  in  a  lined  and  labeled  tin  box  and  submit  for  counting 
analysis. 

3.  Evr.porate  the  solution  to  approximately  3  ml.  Add  3  ml  HNO^  and 
1  ml  HC1.  Evaporate  to  wet  dryness.  Repeat  the  HNO^'HCl  treat* 
ment  twice. 

9.  Pick  up  in  1  ml  KC1  and  take  to  dryness.  Do  not  bake.  Rotate  the 
beaker  tc  insure  complete  dryness.  Add  2  ml  HC1.  boil  to  1  ml,and 
transfer  to  the  same  electroplating  cell  using  a  new  platinum  disc  as 
the  cathode.  Rinse  the  beaker  with  two  1  / 2-ml  HC1  washes  and  one 
1/2-ml  water  wash.  Transfer  each  wash  to  the  plating  cell  (note  c). 

c.  Keep  the  plating  solution  at  minimum  volume  during  this 
transfer  and  also  during  the  titration. 

10.  Repeat  steps  2  through  9  to  obtain  second  plate. 

1 1.  Repeat  steps  2  through  7  to  obtain  third  plate. 

12.  The  three  successive  platings  from  each  aliquot  are  counted  on  a 
calibrated  alpha  spectrometer.  The  total  Pu23^  dpm  on  each  plate 
is  added  to  determine  the  average  Pu23^  tracer  concentration. 
Calculate  the  tracer  stock  concentration  as  of  January  1  of  the 
current  year. 
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WITH  PU2J^  TRACER 

1.  Pipet  1  ml  each  of  R.  C.  Low  Level  and  High  Level  Stock 

239 

Solution  and  1  ml  each  of  Pu  Stock  Solution  (<u90  dpm)  into  two 
50-ml  beakers. 

2.  Add  10  ml  of  HjO,  1  ml  Con.  HC104<  2  ml  Con.  H2SC>V  10  mg  Ft  3 
and  evaporate  to  dryneas. 

3.  Wash  the  aides  of  the  beaker  with  HC1  and  evaporate  to  near  dryneas. 
Take  up  in  1-2  ml  HC1  and  transfer  to  a  4&-ml  centrifuge  cone  with 
H20  and  HC1  washes. 

4.  Ppt  Fc(OH)2  with  NH^OH  and  centrifuge.  Wash  ppt  with  H^O  containing 
a  few  drops  NH^OH  and  centrifuge.  Dissolve  the  Fe(Uri)j  in  a  few 
drops  HNO^  and  dilute  to  5  ml  with  6N  HNOy  Add/Nil/2  mi  saturated 
NaBrOj  solution. 

5.  Warm  on  hot  water  bath  a  few  minutes.  Saturate  the  elution  with 
NHjNOj  crystals,  add  5  ml  hexone  and  stir  with  a  mechanical  stirrer 
3  min.  Repeat  hexone  extraction  twice  adding  Sat.  NaBrC>3  »nd  more 
NH4N03  crystals  as  necessary. 

6.  Wash  the  hexone  phases  by  stirring  with  5  ml  6N  HNO^  for  1  min  and 
discard  the  washes.  Back  extract  the  Pu  with  three  5  ml  additions 
of  0.  IN  HNQy  Transfer  the  aqueous  phase  to  a  50-ml  glass  beaker. 

7.  Evaporate  the  solution  containing  the  heavy  element  tracer  and  activity 
to  approximately  1  ml.  Add  1  ml  HNOj  and  1  ml  HC1.  Evaporate  to 
wet  dryness.  Repeat  the  HNOj  -  HC1  treatment  twice  (Note  a). 

a.  Repetition  of  HCl-HNOj  treatment  is  not  necessary  for  the 
plating  of  uranium. 
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w»th  Tracer 

8.  Pick  up  in  1  ml  HC1  and  take  to  dryness.  Oo  not  bak«.  Rotate  tha  beaker 
to  insure  complete  dryness.  Add  2  ml  HC1,  boil  to  l  ml,and  transfer  to 

a  prepared  electroplating  cell  (note  b).  Rinse  the  beaker  with  two  l/2-ml 
HC1  washes  and  one  l / 2-ml  water  wash.  Transfer  each  wash  to  tha 
plating  cell  (novo  c). 

b.  The  platinum  disc  and  anode  must  be  freed  of  any  grease  film 
by  rinsing  several  times  with  acetone  and  alcohol.  Write  the 
sample  identification  on  the  back  of  the  disc.  Ignite  to  red  heat 
in  a  Fisher  burner  flame.  The  electroplating  cell  must  be  clean 
and  free  of  any  foreign  material.  Check  for  leakage  before  use. 

c.  Keep  the  plating  solution  at  minimum  volume  during  this  transfer 
and  also  during  the  titration. 

9.  Add  1  drop  methy<  red  indicator.  Add  NH^OH  dropwise  until  the 
indicator  shows  the  solution  to  be  basic  (yellow).  Add  ZN  HC1  drop- 
wise  until  the  solution  is  just  acid.  Add  1  drop  in  excess. 

10.  Place  the  sample  on  the  Sargent- Slomio  electroplater.  Adjust  the 
anode  to  not  more  than  1/4  inch  above  the  platinum  disc.  Fiats  for 
10  to  IS  minutes  at  a  starting  current  of  2.  S  amps  and  about  S  volts. 

The  current  may  fluctuate  during  the  plating  period.  Check  occasionally 
and  adjust  the  current  to  maintain  2.  6  amps  throughout  the  plating 
period  (notes  d  and  e). 

d.  Fifteen  minutes  plating  time  is  required  for  Pa. 

«.  Twenty  minutes  plating  time  is  required  for  T.  P.  (Am- Cm) 

samples. 
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(3) 


with  Pu^^  Tracer 

11.  At  the  end  of  the  electroplating  period,  add  1  ml  NH^OH.  Stir  for  15 
•  econda.  Turn  off  the  current  and  atirrer.  Remove  the  anode  from 
plating  solution. 

12.  Immediately  tranafer  the  plating  aolution  into  the  beaker  uaed  for 
evaporation.  Rinae  the  inside  of  the  plating  cell  3  times  with  water 
washes.  Combine  the  waahes  with  the  plating  aolution  in  the  beaker. 

13.  Dismantle  the  plating  cell  and  remove  the  platinum  disc.  Rinse  with 
alcohol  and  ignite  the  disc  to  red  heat;  cool.  Check  yield  on 
laboratory  alpha  counter  before  submitting  sample  to  the  counting 
room. 

14.  Place  sample  in  a  lined  and  labeled  tin  box  and  submit  for  counting 
analysis. 

239 

15.  Determine  the  Pu  to  Pu  and  Pu  ratios  by  alpha  pulse 
height  analysis.  A  correction  factor  for  the  very  small  amount 
of  Pu238  and  Pu28<^  added  to  each  sample  is  determined  from  this 
data. 
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APPENDIX  D 

TECHNICAL  PAPER  FOR  HANFORD  SYMPOSIUM 
AND  9TH  ANNUAL  MEETING  HEALTH  PHYSICS 
SOCIETY 

ROUTINE  DETERMINATION  OF  PLUTONIUM  BY  TRACER 
TECHNIQUES  IN  LARGE  BIOLOGICAL  SAMPLES  • 

by 

W.  J.  Major.  R.  A.  Wsssman,  R.  Mslgard,  L.  L«venthal 
Technical  Service*  Division 

Tracerlab,  A  Division  of  Laborator/  for  Electronics,  Inc. 

20)0  Wright  Avenue 
Richmond.  California 

ABSTRACT 

A  precision  tracer  procedure  was  developed  for  the  rapid  analysis 
of  non-uniformly  distributed  plutonium  in  large  biological  e*  mplee. 

Liver,  lung,  kidney,  lymph  node,  trachea,  gastrointestinal  tract, 
nasal  mucosa,  pharyngeal  mucosa,  bone,  urine  and  feces  samples  from 
burros,  sheep,  and  doge  (exposed  to  plutonium  aerosols)  were  assayed 
for  plutonium.  The  chemical  procedure  consisted  of:  equilibration  of 
sample  plutonium  with  tracer,  wet  ashing  by  refluxing  with 

H^SO^  and  a  catalyst;  extraction  of  plutonium  from  bulk  salts  with  cup- 
ferron-chloroform;  purification  with  ion-exchange  resins;  and  electro¬ 
deposition  on  platinum.  These  procedures  minimised  the  requisite 
volume  of  acids  and  avoided  the  violent  exothermic  reactions  of  some 
wet  ashing  procedures.  Problems  associated  with  dry  ashing,such  as 
loss  of  the  radioisotope  by  entrainment  in  solid  carbon  particles,  and 
formation  of  insoluble  oxides  of  plutoniumjWere  avoided.  Also,  the 
need  for  the  large  ashing  furnaces  was  obviated. 

•This  report  is  based  on  work  performed  under  Contract  0A-49-146-XZ- 
192,  Mod  4,  between  the  Defense  Atomic  Support  Agenc y  and  Tracerlab, 
A  Division  of  Laboratory  for  Electronics,  Inc. 
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Measurement  of  the  plutonium  con  tan  t  wig  accomplished  by  tracer 
yielding  and  alpha  pulss-hsight  analysis.  Thia  mathod  anaurad  a  high 
degrac  of  accuracy,  high  aanaitivity,  and  freedom  from  intarfaranca 
from  other  alpha  amittarr.  A  typical  chamical  yiald  aia  55%^  and 
the  counting  precision  was  within  3%  .  Limit#  of  detection  ware 
approximately  0.05  dpm  for  a  thouaancWninuta  count, 

INTRODUCTION 

Procedures  for  tha  determination  of  picocuria  amounta  of 

plutonium  in  biological  materiala  are  abundant  In  tha  literature. 

Inherent  drawbacks  to  thaae  procedure#  are:  procedure#  are 

limited  to  epecific  type#  and  amounta  of  samples;  dissolution  and 

purification  loaaaa  are  srraticj  usually  requiring  calibration  of 
(Reference  9) 

chemists  /  ;  and  tha  chamical  procedure  muet  often  be  revised  for 

(Reference  10)  237 

each  sample.  Weiss  and  Shipman/  have  used  Pu  tracer  to 

(Reference  11)  238 

follow  procedural  atepa  in  urinalyaia.  Painter  /  has  used  Pu 
tracer  to  follow  activity  distribution  in  doge.  In  neither  case, 
however,  was  the  tracer  ueed  to  yield  another  isotope  of  plutonium. 
Attempts  to  minimise  plutonium  losses  sometimes  result  in  a 

product  which  contains  interfering  alpha  emitters  eucn  aa  tha 

241  A  J  ,  ,241_  ,  . 

Am  daughter  of  Pu,  present  m  many  plutonium  samples. 

(Reference  12) 

Hollstein  /  mention*  contamination  from  uranium  and  Weias  and 

Shipman  mention  4’32Th,  ^*Pa,  and  *^Np  contamination  in 

(Reference  13) 

urine  sample#.  Other  workers  such  aa  Sanders  and  Leidt  /  have 

expressed  dissatisfaction  with  processing  mathoda.  Kooi  and 

(Reference  14) 

Hollstein/  were  dieeatiafied  with  erratic  plutonium  recovery  and 
the  inapplicability  of  available  procedures  to  water  containing  Large 
concentrations  of  iron  or  calcium. 

By  means  of  a  Pu  tracer  technique,  we  have  successfully 
determined  sub  micro  amounts  of  plutonium  in  nuclear  debris, 
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atmospheric  filter*,  toil,  dry  fallout,  rainwster,  food,  environmental 
samples, and  neutron-activated  material*  for  the  paat  twelve  year*. 

In  this  procedure  a  known  quantity  of  is  equilibrated  with 

•  ample  plutonium,and  Pu  as  well  as  the  heavier  plutonium 

isotopes  are  later  determined  by  alpha  spectrometry.  Positive 
identification  of  all  isotopes  and  an  accurate  correction  for  proces¬ 
sing  losses  are  assured.  The  method  ia  adaptable  to  moet  samples 

236 

containing  plutonium^  since  Pu  is  usually  absent. 

This  tracer  method  has  been  combined  with  an  appropriate 
bio&ssay  procedure  for  routine  determination  of  non-unitormly 
distributed  plutonium  in  large  biological  samples.  In  a  recent 
program  burros,  sheep,  and  dogs  were  exposed  to  plutonium  aerosols 
to  simulate  uptake,  deposition,  retention, and  translocation  of  plutonium 
in  humans  exposed  to  plutonium  aerosols  from  a  non-nuclear 
detonation.  Over  600  liver,  lung,  kidney,  lymph  node,  trachea, 
gastrointestinal  tract,  nasal  mucosa,  pharyngeal  mucoaa,  bone, 
unne}and  feces  samples  from  the  animals  were  analysed  by  our  Lab  for 
plutonium  content.  Theae  samples  ranged  from  a  few  ounce#  to 
15  pounds  and  contained  from  0  to  60,00  dpm  of  Pu. 


EXPERIMENTAL 

Preparation  of  ^~^Pu  Tracer 
236 

The  Pu  tracer  was  prepared  in  a  cyclotron  irradiation  and 
chemically  purified  at  Tracerlab.  No  meaeureable  Pu  or  *3®Pu 

was  apparent  after  purification.  Both  exhaustive  electrodaposition  and 
isotopic  dilution  methods  were  used  to  standardise  the  tracer. 


In  exhaustive  electrodeposition,  four  aliquots  were  withdrawn  from 
the  purified  stock  and  the  tracer  electrodeposited  on  a  platinum  disc. 
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The  piste*  wtr*  counted  without  collimator*  m  our  Frisch  grid  chamber* 

and  tracer  activity  corrected  (or  chamber  counting  efficiency.  Slectro- 

depoaition  and  counting  were  repeated  on  the  plating  eupernate  until  a 

plate  relatively  free  of  activity  wa*  obtained.  Three  plating*  were  usually 

required.  Summation  of  the  electrodepo*ition*  gave  the  tracer  concentration. 

239, 240 

In  irotopic  dilution  a  apike  of  National  Bureau  of  Standard*  '  Pu 
stock  solution*  (99.  97%  pure)  was  added,  for  yielding,  to  nine  aliquot* 
of  the  purified  *^Pu  stock  solution.  The  spike  and  tracer  were  equili¬ 
brated  by  evaporation  with  HjSO*  and  HC1Q*  and  ieolated  by  the  procedure 

236 

described  below.  The  plated  sample*  were  counted  and  the  Pu  concentra- 
239 

tion  calculated  after  Pu  yielding. 

Exhaustive  electrodepoeition  gave  an  average  concentration  of 
2S.  0  ±  0,  38  dpm/ml  for  the  four  aliquots,  leotopic  dilution  gave 

an  average  2S.  7  ±  0.  26  dpm/ml  for  the  nine  aliquot*.  Experience  ha* 
shown  that  the  first  method  ie  susceptible  to  low  result*  due  to  sequential 
handling  losses.  This  point  has  been  confirmed  by  standardisation 
of  the  tracer}  using  a  combination  of  both  technique*  on  tha  same  aliquots 
of  tracer. 

Sample  Dissolution 

The  choice  of  dry  or  wet  ashing  is  often  a  matter  of  personal  pre- 

(Reference  15) 

ference  or  of  facilities  available.  Comar  /  discusses  the  relative 

(Reference  16) 

merits  of  each  and  usually  favors  dry  ashing.  Greenberg  /  recom¬ 
mend*  the  convenience  of  dry  ashing.  Wet-ver sus-dry  ashing  was 


♦An  analysis  of  the  NBS  standard  (listed  as  99.  97%  pure)  on  our  Mass 
Spectrometer  gave  the  following  isotopic  composition:  94,  386  weight  % 

^^Pa;  5.  271  weight  ‘/»  ^^Pu;  and  0.  343  wsight  %  ^**Pu.  The  ^Pu, 
240 

Pu  alpha  disintegration  rate  of  the  solution  was  calculated  from  this 
data. 
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experimentally  compared.  Dry  tihing  rr»o,lt«d  in  loanee  from  spatter¬ 
ing  and  physical  entrainment  o  i  plutonium  in  aolid  carbon  particle  a.  It 
was  assumed  the  greateat  loaaea  would  occur  in  aamplea  leaving  high 
orgamcKo-ash  ration,  such  aa  soft  tissues.  Loaaea  from  the  formation 

of  difficultly  soluble  compounds  of  plutonium  at  high  ashing  temperatures 

(Reference  17) 

were  also  suspected.  Toribara  and  Predmore  /  found  urine,  bone,  and 

soft-tissue  ash  readily  soluble  in  strong  HC1,  while  fecal  and  food  ash 

contained  a  difficultly  soluble  residue  which  sometimes  trapped  977« 

ii  the  plutonium,  requiring  a  drastic  leaching  and  fusion  for  dissolution. 

In  dry  a thing; sample  plutonium  and  tracer  cannot  be  equilibrated 

until  after  the  ashing  process;  and  losses  occurring  at  this  stage  result 

in  inaccurate  sample  yielding.  Wet  ashing  of  tissue  and  fluid  samples 
236 

in  the  presence  of  Pu  tracer  was  tried  and  gave  the  desired  results. 

The  procedure,  and  adaption  of  the  Kjeldahl  method,  utilized  the  oxidizing 
power  of  concentrated  sulfuric  acid,  a  mercury  catalyst,  and  refluxing  at 
high  temperatures.  The  apparatus  consisted  simply  of  large  beakers  covered 
witn  inverted  funnels  (Figure  D.l).  Unaccountable  sample  plutonium  losses 
were  eliminated  by  addition  of  the  tracer  at  the  start.  Equilibration  of 
sample  plutonium  and  tracer  was  assured  by  dissolution  of  the  sample 
in  the  strongly  oxidizing  media.  Requisite  volumes  of  acids  and 
violent  exothermic  reactions  of  come  wet  ashing  procedures  were 
minimized.  After  a  clear  solution  was  obtained,  the  excess  acid  was 
evaporated. 

Bone  samples  were  dry  ashed^  since  they  have  a  low  organie-to-" 
ash  ratio^and  the  ash  serves  as  a  carrier  to  prevent  loss  of  plutonium 
during  high-temperature  ashing.  The  bone  ash  was  easily  removed 
from  the  ashing  container  by  acid  dissolution  and  then  equiliorated 
with  plutonium  tracer. 
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The  residue  from  wet  ashing  usually  contained  large  amount*  of 
inorganic  aalta.  Moat  of  the  bulk  aalta  were  separated  by  extracting 
the  plutonium,  reduced  to  the  trivaient  atate  with  hydroxlarmne  hydro¬ 
chloride,  into  a  eupfe  r  ron- chloroform  aolution.  The  extraction  wae  a 

(Reference  9) 

acaled-up  veraton  of  the  method  outlined  by  Beaufait  and  Lukena/ 
(Reference  18) 

and  Langham./  The  reaidual  aalta  were  further  reduced  by  co- 

precipitation  of  plutonium  with  Fe(OH)j  from  a  hot  baeic  carbonate 

aolution  and  then  from  an  ammoniacal  aolution. 

The  plutonium  waa  aeparated  from  iron  and  traces  of  other 

metallic  ions  by  ion-exchange  r^sm-abaci  ption  an^  alctiun  witl. 

(Reference  19) 

HC1-NH.1.  /  The  eluent  wae  evaporated  to  low  volume  and  treated 
with  HNO3,  KJlOg.  and  HC1  to  remove  iodine  and  reaidual  ,-csin 
particles.  If  a  residue  persisted,  the  cample  was  recycled  through 
the  chemistry  procedure,  as  a  visible  residue  at  this  point  would 
result  in  a  dirty  plate  in  the  procedure  below. 

(Reference  20) 

A  rapid  elcctrodepoaltion  procedure  reported  by  Mitchell/ 
was  used  to  obtain  from  the  clear  aolution  a  weightless,  invisible  deposit 
of  plutonium  on  a  platinum  disc  with  a  plating  time  of  10  minutes.  The 
disc  was  5  mils  thickjWith  a  mirror  finish,  pre-cut  to  2.  2  cm  in  diameter. 
The  electrodeposition  cell,  designed  by  our  laboratory,  limited  the 
plating  solution  exposure  to  the  glass  tower,  teflon  gasket^and  platinum 
disc. 

Sequential  outlines  of  the  sample  processing  are  given  (Figures  DJt  sad 
D.3,  and  a  detailed  chemical  procedure  is  appended. 

Activity  Measurements 

Each  electrodepoeited  plutonium  sample  was  counted  on  an  alpha 
pulse-height  analyser.  For  this  purpose,  the  outputs  from  four 
Frisch  grid  chambers  (Tracerlab  Model  KJLD-1)  were  connected 
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to  on«  multi-channel  analyser  (Technical  Measurement*  Corp. ,  Model 
CN-110)  by  dividing  the  full  rang#  of  256  channel*  into  quadrant*  of 
©4  channel*  each. 

The  chamber  era*  calibrated  for  alpha  energy  ualng  a  multi-peak 
alpha  source  containing  Pu,  Am,  and  Pu  (Tracerlab 
R-37  Alpha  Spectrometer  Kit).  The  calibration  wa*  made  immediately 
before  and  after  each  sample  wa*  counted.  This  provided  a  chock  for 
instrument  drift  during  the  sample  counting  interval.  The  instrument 
control*  were  adjusted  so  that  the  64  channels  covered  an  energy 
range  of  4.5  to  6.0  Mev.  This  range  included  the  isotope  energies 
oi239Pu  (5.14  Mcv),  24°Pu  (5.16  Mev),  23®Pu  (5.49  Mev),and  *36P« 
(5.75  Mev).  The  amplifier  gain  setting  gave  a  scale  factor  of  37  Kcv 
per  channel.  Each  isotope  present  was  registered  over  a  spread  of 
approximately  ten  channels. 

A  disposable  metal  collimating  ring, surrounding  each  sample 
disc,  was  used  with  each  sample  to  preclude  the  counting  of  degraded 
alpha  particles.  Some  loss  in  counting  efficiency  resulted  hat  was  off¬ 
set  by  improved  peak  contours  and  distinct  separation  of  alpha  energy 
peaks.  The  resolution  (full  width  at  half-maximum)  of  the  four  Frisch 
Grid  chambers,  including  disc  collixnation,  was  0,  88%  at  5. 15  Mev. 

The  alpha  peak  counting  efficiency  was  approximately  35%. 

The  counting  time  for  an  unknown  sample  vai  determined  by 
the  isotope  having  the  lowest  activity.  If  activity  levels  permitted,  the 
lowest  activity  peak  was  counted  to  a  standard  error  of  within  3%. 

The  maximum  counting  time  for  any  sample  was  limited  to  yiOQ  min¬ 
utes. 

239  240 

Calculation  of  *  Pu 

The  results  of  the  alpha  pulse-height  analyses  are  presented  on 
printedtape.  A  graphical  plot  of  a  typical  spectrum  for  a  tissue  con- 
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Z  39 

taming  a  moocratc  amount  of  Pu  ia  illustrated  in  Figure  D.4.  The 
energy  calibration  line  was  calculated  from  the  pre-and  postcounting 
energy  calibrations  of  the  counting  chamber.  A  summation  was  made 
of  counts  under  each  isotope  peak  present.  These  counts  were  cor- 
reeled  for  low  energy  tail,  background,  peak  resolution,  and  instru- 
ment  drift.  The  plutonium  content  of  the  sample  was  c  lculated  by: 


,1Q  jin  .  *39.  o  236_ 

239,  Z40pu  m  counts  Pu  x  dpm  Pu 


y 

counts  Pu 


239  240 

Pu  and  Pu  could  not  be  calculated  separately  as  their  alpha 
energies  were  too  close  to  resolve  with  a  Frisch-Grid  Chamber. 

The  counting  efficiency  of  each  Frisch-Grid  Chamber  was  mea¬ 
sured.  using  a  high  precision  alpha  standard,  and  it  was  not  neceasary 
to  calculate  a  yield  to  determine  the  plutonium  content.  However, 
the  yield  was  usually  determined  as  a  quality  control  measure  in 
order  to  aseese  the  efficiency  of  the  chemietry  procedure. 

Quality  Control 

The  biological  epecimens,  received  in  the  form  of  frosen  sample* 
sealed  in  plastic  bags,  were  stored  in  a  walk-in  freeser  prior  to 
processing.  Samples  were  analysed  in  a  low-level  radiochemical 
laboratory  to  prevent  contamination  from  outside  sources  and 
processed  with  adequate  spacing  using  all  new  glassware  to  prevent 
cross-contamination.  The  few  samples  which  were  expected  to  be 
higher  in  plutonium  content,  by  virtue  of  their  exposure,  were  processed 
separately. 

i  i 

All  reagents  were  made  up  fresh  and  analysed  for  any  laboratory 

236 

blank.  Simulated  samples  (prepared  by  adding  a  Pu  spike  to  a  matrix 
similar  to  the  animal  specimens)  were  analysed  to  check  on  procedures. 
The  laboratory  blanks  were  effectively  background.  For  an  optimum 
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•  ample  counting  time  of  1,000  minute*,  the  blank*  were  found  to  b«  in 
the  region  of  0.  05  dpm;which  i*  the  limit  of  detection  for  the  instrument. 

All’ activity  measurement*  were  performed  in  an  isolated  and 
controlled  area.  The  background  count  rate  and  counting  efficiency  of 

each  Fri«ch-Grid  Chamber  wae  checked  periodically.  In  the 
energy  region,  the  background  count  was  approximately  0.001  cpm. 

RESULTS 

Baeed  on  the  samples  analysed,  the  reflux  wet  ashing  "tracer  pro¬ 
cedure  ha*  been  found  to  be  successful.  It  was  moderately  time-consuming 
and  expensive,  however;  Ordinarily  3  to  5  days  were  required  to  dissolve 

16  to  20  large  tissue  samples.  A  combination  of  -lOy  H^SO^.  fuming-HNO. 

Seference  21) 
er  samples./ 

A  tabulation  of  radiochemical  yields  are  listed  in  Table  O.l.  Generally, 
samples  0.  1  to  4  ounces  and  4  to  14  ounces  averaged  55%  and  48%^ 
respectively.  Samples  1  to  9  pounds  averaged  approximately  50%. 

Yields  from  samples  up  to  15  pounds  are  still  to  be  determined.  Averages 
reported  include  some  low  yield  samples  which  were  processed  before 
our  procedures  had  been  fully  developed.  Recent  data  show  improved 
yields  in  all  sample  categories. 

The  use  of  tracer  did  not  lessen  the  difficulties  of  recovering  such 
minute  amounts  as  0.  1  dpm  (7  x  10”^  grams)  of  plutonium  from  pounds 
of  material.  Losses  of  sample  plutonium  are  always  a  possibility,  bat  with 
addition  of  tracer,  these  losses  are  positively  known.  Thus,  if  the 
entire  sample  was  lost  due  to  undetected  processing  irregularities, 
the  sample  was  reported  as  lost  and  not  as  sere  dpm  of  plutonium. 

The  sample  activities  measured  in  this  program  are  not  germane 
to  this  paper;  since  samples  came  from  both  exposed  and  unexposed 
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animal*.  Some  animal  organa  were  found  to  contain  level*  of  plutonium 
below  our  limit*  of  detection, which  la  nominally  0,05  dpm.  The  ioweat 
•ample*  ihowcd  activity  from  0.05  to  0.  10  dpm. 

Variation*  in  yield*  introduced  no  apecial  problem*,  ainca  each 
•  ample  wai  individually  yielded.  However,  50  to  70%  waa  conaidered 
moat  deairable  for  obtaining  optimum  aenaitivity.  The  fluctuation*  in 
yield*  emphaaize  the  inaccuraciea  which  would  have  reaultad  had  the 
work  been  done  without  tracer.  Alao,  in  retroapect,  an  adequate 
tracer-free  plutonium  aa«ay  procedure  would  have  been  very 
difficult  to  develop. 


ACKNOW  JUDGEMENTS 

The  valuable  contribution*  of  our  scientiatc  in  thia  program  are 
too  numeroua  to  credit.  However,  the  author*  wiah  to  thank 
Dr.  C.  E.  Gleit,  D*  W .  Silling*,  G*  E«  Eneor,  and  Mri,  D.  E. 
Hawkinaon,  for  their  exceptional  aaeistance. 


139 

CONFIDENTIAL 


CHEMICAL  PROCEDURE 


1.  Remove  the  irosen  temple  from  its  polyethylene  beg  end  allow  it 
to  thew  for  e  few  minutea  under  e  heat  lamp.  If  the  aample  ehape 
or  aiee  ia  euch  that  It  will  not  fit  in  the  bottom  half  of  a  four- 
liter  beaker,  cut  the  aample  into  appropriate  aectiona  and  place 
each  aection  in  a  aeparate  beaker,  Rinae  the  plaatic  bag  with 
HNO3  and  add  the  waahinga  to  the  beaker. 

2.  Add  enough  to  completely  cover  the  aample.  Pi  pet  an 

appropriate  amount  of  tracer  (within  a  factor  of  five  of 

the  expected  aample  activity  but  a  minimum  of  15  dpm)  into  each 
beaker  and  add  approximately  5  grama  K2SO4  and  2  to  3  drops  Hg 
metal.  Spray  the  sample  with  Dow-Corning  Antifoam  A  silicone 
defoamer. 

3.  Attach  the  stem  of  an  inverted  6-inch  funnel  to  a  ring  stand  and 
clamp  and  lower  the  funnel  mouth  into  the  beaker.  Secure  a  few 
inches  above  the  sample. 

4.  Digest  the  aample  gently  with  low  hsat  until  a  'slack  tarry  mixture 
is  obtained.  Increase  the  heat  gradually  and  reflux  until  the 
mixture  is  a  clear  solution.  The  tarry  mixture  will  turn  to  a 
black  jelly,  a  black  liquid,  a  red  liquid,  and  finally,  a  clear 
solution.  Raise  or  lower  the  funnel  during  dissolution  to  control 
the  reflux  action.  Wash  down  any  carbonaceous  material  on  the 
beaker  and  funnel  walls  with  HgSO^. 

5.  Evaporate  the  H^SO^  until  salts  start  forming.  Remove  the 
funnel  and  add  HNO^  cautiously  to  cool  the  solution.  If  the 
sample  had  been  divided  into  sections  for  the  dissolution,  combine 
the  sections  into  one  beaker  and  evaporate  to  low  volume.  Cool 
and  transfer  the  aample  with  water  to  a  large  poiyethlene  bottle 
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or  a  2*liter  »cid  bottle.  Dilute  to  approximatsly  500  ml. 

Add  10  ml  aet.  NHjOH*  HC1  to  the  diluted  eftmple  »nd  about  50  ml 
CHCI3.  Stir  with  ft  mechanic*!  etirrer  for  1  minute  at  high  apeed. 
Add  75  to  100  ml  6%  aqueous  aoiution  of  cupferron  and  atir  again 
at  high  apeed  for  5  minutea, 

Tranafer  the  mixture  into  four  25(^ml  polyethlene  bottlee  and 
centrifuge  to  aeparate  the  phaaea.  Tranafer  the  CHClj  extract* 
with  a  tranafer  pipet  to  a  4Q0-ml  beaker,  taking  care  not  to 
diaturb  the  interface  a.  Repeat  the  extraction,  without  addition 
of  more  cupferron,  until  the  CHCI3  phaaea  are  colorleaa. 

Boil  the  CHCI3  collectione  to  low  volume  (approximately  3  ml)  and 
allow  contenta  to  cool,  Rinae  down  the  aidee  of  the  beaker  with 
HNO3  and  boil  to  approximately  3  ml.  Rinse  the  sides  with  fuming 
nitric  and  boil  down  again  (avoid  dryneee).  Add  10  ml  turning 
nitric  and  25-30  ml  HCIO^.  Cautiously  heat  until  an  exothermic 
HC104  reaction  begin*.  Remove  the  beaker  from  the  hot  plate 
and  allow  the  reaction  to  go  to  completion. 

Fume  the  HCIO^  to  low  volume.  Cool  the  aoiution  and  tranafer 
with  water  washee  to  a  40-ml  centrifuge  cone. 

Add  10  mg  Fe  unlees  the  sample  is  known  to  contain  that 
much  or  more.  Add  19N  NaOH  until  the  aoiution  is  basic  to 
precipitate  metal  ions.  Add  5  ml  sat.  NagCO^  aoiution  and  digest 
the  precipitate  in  a  hot  water  bath  for  10  minutes.  Centrifuge  and 
decant  the  supernate  to  waste.  Dissolve  the  precipitate  in  HNO3 
and  dilute  to  approximately  30  ml. 

Make  the  solution  basic  with  NH^OH  and  digest  the  precipitate 
in  a  hot  water  bath  for  10  minutes.  Centrifuge  and  decant  the 
supernate  to  waste.  Wash  the  precipitate  twice  with  10-ml  portions 
of  H^O  containing  1  drop  NH4OH. 
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12.  Dissolve  the  precipitate  in  a  minimum  of  HNOj  and  add  10  ml 
6N  HNO3. 

13.  Prepare  a  100  to  200  mesh  Dowex  1  - X  10  resin  column  by  adding 
approximately  1/2  inch  of  resin  to  a  tubulated  glass  column, 

12  mm  I,  D,  and  85  mm  in  length,  containing  a  Dacron  wool 

plug  at  the  bottom.  Ineert  another  plug  *t  the  top  and  pre-condition 
the  column  with  40  ml  6N  HNO3. 

14.  Pour  the  eolution  from  etep  12  onto  the  column.  Waeh  the  centrifuge 
tube  with  20  ml  6N  HNO3,  followed  by  20  ml  HC1  and  add  the 
waehinge  to  the  column. 

15.  Allow  the  column  to  drain  and  elute  the  plutonium  into  a  50-ml 
beaker  with  30  ml  of  freshly  prepared  HCl-NH^l  (approximately  50  mg 
NH41  per  30  ml  HC1). 

16.  F.vaporate  the  eluate  to  approximately  5  ml  and  add  5  ml  HNO,  to 
destroy  1*.  Add  3  ml  HCIO^  and  evaporate  to  wet  dryneee. 

17.  Take  up  the  residue  in  1  ml  HC1  and  evaporate  to  dryness.  Do  not 
bake.  Rotate  the  beaker  to  insure  complete  dryness.  Add  2  ml 
HC-.l,  boil  to  1  mljir.d  transfer  to  a  prepared  slsctr opiating  call 
(note  a).  Rinse  the  beaker  with  two  i/2-ml  HC1  washes  and  one 
1/2-ml  water  wash.  Transfer  each  wash  to  the  plating  cell  (note  b). 

a.  The  platinum  disc  and  anode  must  be  freed  of  any  grrase  film 
by  rinsing  several  times  with  acetone  and  alcohol.  Write  the 
sample  identification  on  the  back  of  the  disc.  Ignite  to  red 
heat  in  a  Fiaher  burner  flams.  The  electroplating  cell  must 
be  clean  and  free  of  any  foreign  material.  Checx  for  leakage 
before  use, 

b.  Keep  the  plating  solution  at  minimum  volume  during  this 
transfer  and  also  during  the  titration. 
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18.  Add  drop  methyl  red  indicator.  Add  NH^OH  dropwiae  until  the 
indicator  ahowa  tha  aolution  to  b«  baaic  (yellow).  Add  2N  KC1 
dropwiae  until  tha  aolution  ia  juat  acid.  Add  1  drop  in  exceaa. 

19.  Placa  tha  aampla  on  a  Sargant-Slomin  alactrolytic  analyxar. 
Adjuat  tha  rotating  anoda  to  approximately  1/4  inch  above  tha 
platinum  diac.  Plata  for  10  minutaa  at  a  cutting  currant  of 

2.  5  amp  and  approximataiy  5  volta.  The  currant  may  fluctuate 
during  tha  plating  period.  Check  oeeaaionally  and  adjuat  tha 
currant  to  maintain  2.  6  amp  throughout  tha  plating  operation. 

20.  At  the  end  of  tha  electroplating  period,  adn  1  ml  NH^OH.  Stir 
for  IS  aeconda.  Turn  off  the  current  and  atirrer.  Remove  tha 
anode  from  tha  plating  aolution. 

21.  Immediately  tranafer  the  plating  aolution  into  the  banker  uaed 
for  evaporation.  Rinae  tha  inaida  of  the  plating  cell  3  time  a 
with  water  waahea.  Combine  tha  washes  with  the  plating  solution 
in  the  beaker. 

22.  Dismantle  the  plating  call  and  remove  tha  platinum  diac.  Rinse 
with  alcohol  and  ignite  tha  disc  to  rad  heat. 

23.  placa  disc  in  a  lined  and  labeled  tin  box  and  submit  for  alpha  pulse 
height  analysis. 
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TABLE  D.  1  EFFECT  OF  SAMPLE  SIZE  ON  PU  RECOVERY 


Sample 

Weight 

Ranje 

Tissue  • 

Number 

of 

Samples 

Pu 

Recovery 

Range 

Pu 

Recovery 

Average 

Ounce* 

* 

* 

0.  2-  0.3 

Hilar  Nods  (0} 

12 

44-74 

61 

0.  3-  0.4 

Hilar  Nod*  (S) 

9 

21-62 

43 

0.  2-  0.9 

Hilar  Nods  (B) 

12 

33-77 

60 

0.4-  0.  8 

Phar.  Mucosa  (D) 

15 

37-75 

65 

0.  7-  0.  8 

Nasal  Mucosa  (D) 

2 

50-79 

65 

1.  1-  1.  6 

Trachea  (O) 

9 

39-85 

58 

1.4-  2.3 

Kidney  (O) 

14 

24-88 

51 

1.7-  3.2 

Phar.  Mucosa  (B) 

6 

32-68 

49 

2.4-  3,6 

Lung  s  (D) 

9 

28-64 

49 

3.  3-  4.0 

Kidney  (S) 

6 

40-72 

55 

4.  8-  6.4 

Liver  (S) 

17 

26-80 

47 

5.  3-  8.  5 

Controls 

26 

24-74 

52 

6.  1-  7.3 

Bone  yS) 

18 

24-69 

42 

7.  8-14. 

Liver  (D) 

10 

30-77 

50 

Pounds 

% 

% 

0.  9-  1,  1 

Trachea  (B) 

5 

42-70 

56 

1.0-  2.5 

Kidney  (B) 

16 

N 

1 

<* 

O 

49 

1.9-  3.3 

Bone  (B) 

24 

23-75 

54 

3.  6-10.2 

Lung  (B) 

3 

34-75 

52 

4.4-  8.9 

Liver  (B) 

10 

37-57 

48 

TOTAL 

223 

21-88 

52 

*  D  "Dog,  S  "Sheep,  B  "Burro 
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Figure  D.l  Reflux  apparatus  for  biological  sample.  (Tracerlab  photo) 


Dus. 


Sep  'n. 
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HiSO, 

T  racer 
KjSQ,  (Solid) 

Hg  metal  catalyst 
Defoarner 
Digest  with  heat 
Reflux 

s7~~ ~  "  "  ■  .  ""  -  ■  ■  1  —  Organic  Matter 

Clear  Solution 

Evaporate  to  salts 
HNO, 

Combine  sections 

Transfer  to  large  polyethlene  bottle 
Satd.  NHjOH  •  HC1 
CHC1,  -  Cupferron  extraction 
Repeat  extraction  -  Transfer  to  beaker 
J, —  -  1  1  -■  1  - -  ■  1  -  ■  — — —  - .. — —  "y  Insoluble  Salts 


Metal  Ions  in  Organic  Extractant 

Evaporate  to  low  volume 
HNO,  and  f-HNO,  •  evaporations 
HCICk  -  exothermic  reaction 
HxO  -  Transfer  to  centrifuge  cone 

. .  ■■  — - - - —  - - - Organic  Extractant 

Metal  Ions  in  Aqueous  Solution 
Fe+» 

i 9N  NaOH 
Satd.  NajCO, 

■  —  —  ..-II  ■  i.  -  —  ...  y  Uranium  Carbonate  Comple; 

Metal  Hydroxides  and  Carbonates 

HNOj 

NH4OH 

- - ...  ■  ~  ■  ■  —  -  — -  ■  - 1 .1  -  -■  >  Soluble  Salts 

SK  1 

Metal  Hydroxides  and  Carbonates 
6N  HNO, 

Oowex  1-X10  Resin  column 
6N  HNO,  -  HC1 
HC1  -  NH,I  elution 

\f  ■  "  ~  ■  ■—  ...  ...  .  Metal  Complexes 

Pu+J>  4 


FigMre  D.2  Chemical  dissolution,  separation,  and  purification 
sequential  scheme. 
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Evaporate  to  low  volume 
HNOj  and  HC10« 

Evaporate  to  wet  dryneaa 
HC1 

Evaporate  to  dryneee 
HC1,  evaporate  to  1ml 

Traneier  to  electroplating  cell  containing  platinum  diec 


Pu*1-4  in  plating  cell 


Methyl  Red  Indicator 
NH4OH 

2N  HC1  •  ph  adjui  iment 

Trane'  e  onto  an  electrolytic  analyser 


Cell  *n  electrolytic  analyaer 


Anode  adjuetment  -  1/4  inch  above  diec 
Current  -  2.  5  ampe.  ,  5  volt* 

Plate  10  -  20  minute e 
NH4OH 

Remove  anode 
H*0  waeh 

Remove  platinum  diec 

EtOH 

Ignite 


PuOi 


Figure  D.3  Plutonium  electroplating  sequential  scheme. 
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APPENDIX  E 

DATA  TABLES  FOR  PU1",  PU*M  AND  URANIUM  (UjO,) 
IN  PHYSICAL,  BIOLOGICAL.  TRACER,  AND 
QUALITY  CONTROL  SAMPLES 


KEY  TO  PHYSICAL  SAMPLE  TYPE 


Ami.  Desla. 

ganiptelypt, 

CCD 

Cecelia  Dice 

CCF 

Cecelia  Filter 

CAD 

Andercen  Dice 

CAF 

Andercen  Filter 

CTA 

Total  Air  Sample 

CTD 

Total  Air  Sample 
Dicposable 

CSA 

Sequential  Air  Sample 

CDS 

Deposition  Sample 

CQC 

Soil  Samplec  (Quality 
Control) 

CWS 

Water  Samplec 

CAC 

Aluminum  Collectorc 

CVS 

Vegetation  (Sagebrush) 

CSF 

Soil  Fractlonc 

CBS 

Balloon  Wire  Swipea 
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KEY  TO  BIOLOGICAL  SAMPLE  TYPE 


TLW  Anal.  Desia. 
ROB 
RDK 
RDL 
RDR 
RDH 
ROT 
RDS 
RDP 
RDN 
RSB 
RSK 
RSL 
RSR 
RSH 
RST 
RSS 
RSN 
RSU 
RSF 


Sample  Type 
Dog  Bone 
"  Kidney 
"  Liver 
"  Lung 

Hilar  Node 
"  Trachea 
"  G.  I.  Tract 

Pharyngeal  Mucosa 
Nasal  Mucosa 
Sheep  Bone 
"  Kidney 
"  Liver 
"  Lung 

*  Hilar  Node 
"  Trachea 

*  G.  I.  Tract 

"  Nasal  Mucosa 
"  Urine 
"  Feces 


ISO 
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KEY  TO  BIOLOGICAL  SAMPLE  TYPE  (2) 


TLW  An.il.  Deslon[ 
RBB 
RBK 
RBL 
RBR 
RBH 
RBT 
RBS 
RBP 
RBN 


-Sample  Type 
Burro  Bone 
'  Kidney 
"  Liver 
"  Lung 
"  Hilar  Node 
Trachea 

"  G.  I.  Tract 

Pharyngeal  Mucosa 
*  Nasal  Mucosa 
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TABLE  E.l  RADIOCHEMICAL  ANALYSIS  OF  ROLLER  COASTER  PHYSICAL  SAMPLES,  DOUBLE  TRACKS 


CONFIDENTIAL 


All  Physical  and  Biological  activity  renults  am  given  for  the  total  cample  except  the  A  campiee  iiaeniuie' 
In  Table  E.13)  and  transferred  from  Project  2.  be  for  radiochemical  analyse*.  These  are  deficient  by  the 
approximate  amounts  listed  In  Table  E.13.  Data  were  not  comblnedjCince  in  2.6c,  processing  particle*  were 
not  precisely  analyzed  or  an  unknown  faction  of  the  sample  was  removed. 

*N>.w  data  this  report 
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(\>  Data  determined  by  precision  counting.  Values  without  an  error  assignment  determined  by  2  "IT  counting. 
(2)  A  range  value  Indicates  an  unknown  fraction  of  the  sample  has  been  removed. 
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TABLE  E.9  PLUTONIUM  AND  URANrUM  ANALYSES  OF  ROLLER 
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(3)  Extraction  performed  on  separate  aliquot  at  Hated  sample  pH. 

(4)  All  uranium  values  are  given  as  tig  U/total  sample  volume. 
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TABLE  E.ll  (CONTINUED) 
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23.48  +  1.8% 
1.026%  diff. 
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APPENDIX  F 

EQUIPMENT  AND  PLOT  OF  TYPICAL  SPECTRUM 
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Figure  F.4  Typical  spectra,  biological  sample  ;burro  liver). 
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